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1 .  INTRODUCTION 


This  report  describes  the  flight  electronics  and  ground  support 
hardware  fabricated  by  The  Aerospace  Corporation  for  the  Long  Duration 
Exposure  Facility  (IDEF)  experiment  to  be  flown  on  Space  Shuttle.  The  report 
will  serve  as  the  test  plan  for  the  hardware  flight  qualification  test  at  the 
component  and  subsystem  levels.  Enough  detail  is  provided  so  that  a  competent, 
though  unfamiliar,  experimenter  can  follow  the  operation  of  the  experiment 
during  the  ground  support  and  flight  test  phases.  This  report  incorporates 
material  from  the  Experiment  Power  and  Data  System  (EPDS)  users  manual  (Ref. 

1),  the  IDEF  handbook  (Ref.  2),  and  other  documents  listed  in  the  Reference 
section  to  detail  the  overall  experiment  without  the  need  for  constant 
referral  to  the  subsystem  references. 

1.1  MISSION 

The  data  recording  network  for  the  IDEF  project  is  designed  to 
collect  data  from  various  materials  being  exposed  to  the  low  orbit  space 
environment  and  to  store  these  data  on  magnetic  tape  for  future  retrieval. 

Data  from  the  experiments  are  scanned  once  every  3.49  min  for  32  consecutive 
scans.  This  burst  cycle  is  repeated  every  93.16  hr  throughout  the  mission. 

The  data  recording  network  is  programmed  to  turn  itself  off  367  days  after 
startup. 

1.2  ELECTRICAL  COMPONENTS 

The  recording  network  consists  of  duplicate  electronic  packages  for 
the  leading  and  trailing  edge  trays.  Each  data  recording  package  consists  of 
an  EPDS  supplied  by  NASA,  an  Aerospace-designed  signal  conditioning  unit 
(SCU),  ground  support  equipment  (GSE),  batteries  for  power,  and  numerous 
transducers  attached  to  the  experimental  materials. 

1.2.1  Experiment  Power  and  Data  System 

The  EPDS  consists  of  a  data  processor  controller  assembly  (DPCA),  a 
magnetic  tape  memory  system  (MTM),  and  a  primary  battery  power  source.  The 
DPCA  is  hard-wire  programmable  to  accommodate  a  variety  of  data  collection 
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needs*  The  system  operates  from  primary  batteries.  Designs  have  been 
selected  to  minimize  power  requirements.  Data  from  the  experiment  are  a  mix 
of  high-level  analog,  low-level  analog,  and  parallel  digital  signals.  The  MTM 
provides  storage  for  about  14  megabits  of  data. 

1.2.2  Transducers  and  the  Signal  Conditioning  Unit 

The  transducers  (supplied  by  Aerospace)  consist  of  strain  gauges, 
thermistors,  and  solar  cell  power  monitor  circuits.  Data  are  also  obtained 
from  a  Boeing  fiber  optics  experiment  and  Berkeley  Controls  quartz  crystal 
monitor  (QCM).  The  SCU  applies  power  to  the  experiments  and  conditions  these 
data  to  be  compatible  with  EPDS.  In  addition,  the  SCO  provides  the  warm-up 
and  shut-down  timing  for  the  experiments. 

1.2.3  Ground  Support  Equipment 

The  NASA-furnished  GSE  consists  of  a  Kennedy  tape  transport  to 
generate  a  computer  compatible  tape  (CCT),  a  magnetic  tape  memory  reproducer 
to  manually  control  the  MTM,  and  a  data  display  box  (DDB)  to  monitor  the  DPCA 
data  activity.  Aerospace  is  providing  the  simulated  loads,  the  external  power 
supply  for  the  SCU,  the  pulse  command  sequencer  to  initiate  the  scanning 
cycles,  and  the  microcomputer  hardware  and  software  to  read  and  transcribe  the 
CCT. 
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2.  DETAILS  OF  ELECTRONIC  COMPONENTS 


2.1  EXPERIMENT  POWER  AND  DATA  SYSTEM 

2.1.1  Magnetic  Tape  Memory 

Normally,  EPDS  collects,  digitizes  (If  necessary),  and  stores  the 
experimental  data  In  its  buffer  memory.  At  programmed  times,  the  buffer 
memory  is  transferred  to  magnetic  tape.  The  tape  recorder  Is  a  two  track, 
direct  record,  hermetically  sealed  recorder.  The  recorder  starts  on  track  1 
and  records  serially  until  the  end  of  the  tape  is  sensed.  Internal  recorder 
logic  automatically  stops  the  tape,  switches  to  track  2,  and  reverses  the 
direction  of  the  tape  so  the  recording  continues  on  track  2.  During  this 
transfer,  from  one  to  three  4K  (4096-bit)  buffer  memory  dumps  are  lost.  The 

recording  on  track  2  continues  until  the  recorder  circuitry  senses  the  begin¬ 

ning  of  the  tape,  at  which  time  the  recorder  stops  and  accepts  no  further 
data. 

The  recorder  tape  moves  at  2  in. /sec  and  records  data  at  a  rate  of 
4K  bits/sec.  Since  each  start-stop  cycle  requires  about  1  in.  of  tape,  each 
4K  memory  dump  uses  3  in.  of  tape.  The  magnetic  tape  length  is  450  ft,  about 
1800  dumps  per  track,  or  7  x  10^  bits/track  of  storage  for  a  single  buffer 
memory  dump  per  record  cycle.  The  total  possible  run  time  for  our  recorder  is 
approximately  435  days,  which  is  more  than  the  367-day  limit  set  by  the  data 
processor  controller  assembly  (DPCA)  electronic  counter. 

The  tape  recorder  has  record  electronics  only.  Normal  recovery  of 
recorded  data  requires  the  use  of  the  ground  support  equipment  (GSE)  data 
display  box,  an  MTM  controller,  and  the  transcription  of  the  data  onto  a 
computer  compatible  tape  (the  recorder  tape  is  not  removable). 

Two  techniques  for  detecting  the  end  of  a  data  block  are:  (1)  use 
of  a  unique  order  of  bits  that  would  not  be  found  in  the  data  pattern  and  (2) 
counting  the  number  of  clock  pulses  for  each  data  block  and  gating  off  data 
when  the  required  number  is  reached.  Our  software  uses  only  the  first  method 
with  the  unique  24-bit  sync  signal  that  starts  each  data  set.  In  addition, 
the  decoding  software  senses  the  beginning  of  tape  and  end  of  tape  marks. 
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Oft  initial  flight  MTMs  tested,  errors  occurred  in  leading  bits  (up 
to  20)  of  each  reproduced  memory  dump  sequence.  Appropriate  changes  have  been 
made  to  the  4K  buffer  board  to  provide  precursor  leading  zeros  to  the  MTM  at 
the  start  of  each  memory  dump  sequence.  This  change  will  ensure  there  are  no 
leading  bit  errors.  The  use  of  the  MTM  tape  capacity  is  not  affected,  because 
the  precursor  bits  occur  in  a  time  period  allotted  for  the  MTM  to  come  up  to 
speed.  The  software  has  provisions  for  ignoring  these  leading  zeros  in  the 
reproduced  data. 

2.1.2  Data  Processor  Controller  Assembly 

The  DPCA  provides  the  EPDS  signal  interface  to  the  signal  condition¬ 
ing  unit  (SCU),  all  the  EPDS  timing  and  controls,  and  control  of  the  MTM  (Fig. 
2-1).  The  general  programming  questionnaire  (Tables  2-1  and  2-2)  summarizes 
the  programming  for  both  the  leading  and  trailing  edge  EPDS  units.  A  brief 
explanation  of  these  features  follows. 

2. 1.2.1  Analog  Inputs 

The  DPCA  accepts  both  high-level  (±5  V  differential)  and  low-level 
(±10  mV  differential)  analog  inputs.  In  this  mission,  all  64  available  analog 
channels  are  used.  Fifty-seven  channels  are  high  level,  and  seven  channels 
are  low  level.  All  signals  share  a  common  differential  multiplexer.  The  sum 
of  the  common-mode  voltage  plus  the  peak-input  signal  cannot  exceed  ±5.5  V. 

All  analog  inputs  are  bipolar  relative  to  the  signal  ground,  have  a  differ¬ 
ential  impedance  greater  than  5  megohms,  and  have  fixed  gains.  The  measure¬ 
ment  resolution  is  equivalent  to  1  in  1024  (10  bits).  This  10-bit  resolution 
is  the  same  for  all  inputs  and  sets  the  EPDS  word  size  to  10  bits  for  all 
words. 

2. 1.2.2  Digital  Inputs 

The  DPCA  will  accept  up  to  a  maximum  of  24  parallel  discrete  digital 
Inputs.  However,  our  word  size  of  10  bits  fixes  the  maximum  number  of  usable 
digital  inputs  at  20,  or  2  words.  The  four  remaining  bits  are  not  used,  al¬ 
though  they  remain  initialized  throughout  the  mission.  All  inputs  are  com¬ 
patible  with  the  EPDS  7.5-V  battery  powered  complementary  metal  oxide 
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2-1.  EPDS  Block  Diagram  (From  Ref.  1) 


Table  2-1.  M0003  SD-802  Spacecraft  Material 

Leading  Edge  Unit 


EPDS  Programming  Questionnaire 


El  “  8807  hours  or  9450  counts  (0.932  hr/count) 

E2  m  8807  hours  or  9450  counts  (0.932  hr/count) 

E3  *  3.49  minutes  or  4  counts  (52.4  sec/count) 

E4  ■  174.7  minutes  or  200  counts  (52.4  sec/count) 

CONI  -  Logic  "0" 

Number  of  Data  Scans /Enable  “  5  . 

Will  the  DEC  Input  be: 

(a)  Hard-wired  to  Logic  "1"  or 

(b)  Will  it  be  driven  by  Experiment  Logic?  Yes 
Number  of  Bits/Word  *  10.  (resolution) 

Does  the  experiment  require  a  start-up  delay  at  Che  beginning  of  each  scan? 

Yes  How  many  seconds?  20 
How  many  words  of  sync  code?  3 

Desired  sync  code  1111  1010  1111  0011  0010  0000  (in  binary,  24  bits  maximum) 

How  many  words  of  time  code?  3 

How  many  words  of  serial  digital  data?  0 

How  many  words  of  low-level  analog  data?  7 

How  many  words  of  high-level  analog  data?  57 

How  many  words  of  parallel  digital  data  (or  post  sync)?  2 

Desired  post  sync  code  *  NONE  (in  binary,  24  bits  maximum) 

What  is  the  number  of  bits/scan?  720  (4096  bits  maximum) 

What  is  the  number  of  data  scans  to  be  loaded  into  the  buffer  memory?  _5^ 

(data  scans /dump) 

How  many  times  will  the  contents  of  the  buffer  memory  be  written  in  a  single 
block  on  tape?  1  (memory  dumps) 

Data  Scan  Sequence:  SYNC,  time,  parallel  digital,  low-level  analog,  and  high- 
level  analog  data. 
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Table  2-2.  M0003  SD  -  802  Spacecraft  Material 

Trailing  Edge  Unit 


EPHS  Programming  Questionnaire 


El  ■  8807  hours  or  9450  counts  (0.932  hr/count) 

E2  “  8807  hours  or  9450  counts  (0.932  hr/count) 

E3  «  3,49  minutes  or  4  counts  (52.4  sec/count) 

E4  *  174. 7  minutes  or  200  counts  '52.4  sec/count) 

CONI  -  Logic  "0” 

Number  of  Data  Scans /Enable  »  5  . 

Will  the  DEC  Input  be: 

(a) Hard-wired  to  Logic  ”1"  or 

(b) Will  it  be  driven  by  Experiment  Logic?  Yes 
Number  of  Bits/Word  •  10.  (resolution) 

Does  the  experiment  require  a  start-up  delay  at  the  beginning  of  each  scan? 

Yes  How  many  seconds?  20 
How  many  words  of  sync  code?  3 

Desired  sync  code  ■  0000  0101  0000  1100  1101  1111  (in  binary,  24  bits  maximum) 

How  many  words  of  time  code?  3 

How  many  words  of  serial  digital  data?  0 

How  many  words  of  low-level  analog  data?  7 

How  many  words  of  high-level  analog  data?  57 

How  many  words  of  parallel  digital  data  (or  post  sync)?  1 

Desired  post  sync  code  *  None  (in  binary,  24  bits  maximum) 

What  is  the  number  of  bits/scan?  720  (4096  bits  maximum) 

What  is  the  number  of  data  scans  to  be  loaded  into  the  buffer  memory?  _5 
(data  scans/durap) 

How  many  times  will  the  contents  of  the  buffer  memory  be  written  in  a  single 
block  on  tape?  1  (nemory  dumps) 

Data  Scan  Sequence:  SYNC,  time,  parallel  digital,  low  level  analog,  and  high- 
level  analog  data. 
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semiconductor  (CMOS)  (i.  e. ,  VDD  “  7*5  V-  VGG  ■  ground).  Since  there  are  no 
serial  digital  data  generated  by  the  experiment,  the  DPCA  is  programmed  to 
reject  all  serial  digital  data. 

2. 1.2.3  Synchronization  Pattern  (SYNC) 

The  DPCA  provides  a  synchronization  pattern  with  each  data  scan  to 
assist  in  data  recognition.  The  pattern  and  number  of  bits  are  programmed 
into  the  DPCA  as  three  words.  Only  the  first  24  bits  of  these  words  are 
programmable.  The  patterns  for  the  leading  edge  and  trailing  edge  DPCAs  are 
listed  in  Tables  2-1  and  2-2.  Leading  zeros  (up  to  20)  precede  the  synchron¬ 
ization  pattern  for  each  reproduced  memory  dump  sequence.  No  postsynchroniza¬ 
tion  code  is  used  for  these  units. 

2. 1.2.4  Time 

The  DPCA  has  a  24-bit,  binary  counter  driven  by  a  precision 
oscillator  that  sets  time  relative  to  the  "initiate"  signal  sent  by  the 
Shuttle  prior  to  LDEF  deployment.  The  oscillator  and  counter  are  continuously 
powered.  The  rate  at  which  the  counter  is  incremented  is  approximately  0.61 
Hz  (1.28  x  10**  +  2^*).  A  period  of  318.15  days  (the  capacity  of  the  24-bit 
counter)  passes  before  the  counter  recycles.  The  entire  contents  of  the 
counter  requires  three  words  (30  bits)  and  follows  the  synchronization  code  in 
the  data  block.  The  timing  accuracy  is  expected  to  be  ±40  parts  per  million, 
when  all  effects  of  temperature  and  aging  are  considered. 

2. 1.2. 5  Data  Scan 

A  data  scan  is  one  sampling  of  all  measurements.  EPDS  is  hard-wire 
programmed  to  provide  five  consecutive  data  scans  during  a  data  enable  period. 
Multiple,  consecutive  data  scans  offer  a  means  of  statistically  reducing  noise 
errors  if  the  data  do  not  change  during  the  sampling  interval.  The  order  of 
data  in  a  scan  is  SYNC,  time,  parallel  digital  data,  low-level  analog  data, 
and  high-level  analog  data.  The  low-level  data  must  precede  the  high-level, 
and  at  least  one  analog  measurement  must  be  low  level.  Through  hard-wire 
programming  by  NASA,  the  experimenter  determines  the  data  scanned  and  the 
number  of  words  in  each  type  of  data.  It  is  not  necessary  to  scan  all  types 
of  data. 
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2. 1.2.6  Bu£fer  Memory 

The  EPDS  provides  a  4K  bit  static  CMOS  random  access  memory  (RAM)  to 
accumulate  data  and  provide  more  efficient  use  of  the  magnetic  tape.  On  the 
basis  of  the  number  of  bits  in  a  data  scan,  the  experimenter  determines  how 
many  complete  data  scans  can  be  stored  in  4K  bits.  This  number  is  hard-wire 
programmed  into  the  buffer  memory  circuitry  by  NASA.  When  the  memory  has 
stored  this  number  of  data  scans,  a  memory  readout  cycle  is  initiated  and  the 
entire  4K  bits  are  recorded  magnetic  tape.  Since  the  total  number  of  data 
bits  is  less  than  4K,  undefined  filler  bits  will  be  found  on  the  magnetic 
tape.  Our  number  of  data  scans  between  memory  dumps  does  not  permit  the 
memory  capacity  to  be  exceeded.  For  these  units,  we  have  a  total  of  72  words 
per  scan  (3  synchronization  +  3  timing  +  64  analog  +  2  parallel  digital  words 
*  72  words)  and  have  five  data  scans  per  memory  dump  without  overwriting  the 
memory  (72  words/scan  *  10  bits/word  «  5  scans/dump  *  3600  bits  per  dump). 
After  the  memory  dump  sequence  has  been  initiated,  all  data  inputs  are  Ignored 
until  the  readout  dump  cycle  is  complete.  We  have  chosen  to  read  the  buffer 
memory  onto  the  magnetic  tape  only  once  during  a  single  dump  cycle. 

2. 1.2. 7  Voltage  Reference 

During  a  scan  cycle,  EPDS  provides  two  stable  reference  voltages 
(nominally  ±5.0  V)  from  the  internal  analog-to-digital  (A/D)  converter. 

Circuit  current  loading  by  the  experimenter  is  less  than  1  mA. 

2. 1.2. 8  Initiate  Circuit 

Prior  to  LDEF  deployment,  the  Shuttle  sends  an  electrical  "initiate" 
or  "set"  signal  to  LDEF  (through  an  umbilical),  which  effectively  permits  the 
application  of  primary  power  to  the  electrically  operating  experiments.  After 
LDEF  retrieval  and  reconnection  of  the  umbilical,  the  Shuttle  sends  a  "reset" 
signal,  which  removes  power  from  experiments  for  the  return  to  earth.  To  ac¬ 
commodate  these  signals,  a  magnetic  latching  relay  is  located  within  EPDS. 

The  previously  unused  relay  contacts  are  used  to  make  connections  to  the  ex¬ 
periment  batteries.  Connections  to  these  experimenter  contacts  are  on  con¬ 
nector  P752.  Another  set  of  contacts  is  reserved  for  a  function  monitor  cir¬ 
cuit  in  the  LDEF  data  system  that  records  contact  closure  within  the 
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experiment.  Pins  G  and  H  of  the  connector  are  reserved  for  an  LDEF  continuity 
circuit  used  to  ensure  positive  mating  of  the  connector  before  flight.  These 
connections  to  LDEF  are  through  connector  P753. 

In  EPDS,  one  set  of  the  initiate  relay  contacts  is  used  to  connect 
the  DPCA  to  the  7.5-V  battery.  When  contacts  are  closed,  7.5  V  are  applied  to 
the  DPCA  and  an  "initial  reset"  (IRST)  occurs,  which  forces  all  logic  func¬ 
tions  and  counters  into  a  known  state.  All  EPDS  time  measurements  are  rela¬ 
tive  to  receipt  of  the  "set"  signal.  The  initiate  relay  results  in  all  time 
measurements  being  reset  to  zero. 

2. 1.2.9  Data  Enable  Lines 

EPDS  provides  four  7.5-V  CMOS  compatible  lines  to  the  experimenter 
to  permit  the  experiment  and  EPDS  to  enter  into  a  data  collecting  mode.  The 
lines  are  called  decision  enable  (DEC  ENA),  decision  (DEC),  enable  (EBL),  and 
decision  disable  (DEC  DBL).  At  each  data  enable  period,  determined  by  the 
program  counters,  EPDS  provides  a  20  to  30  msec  wide  DEC  ENA  pulse  that 
instructs  the  experiment  to  go  into  a  data  scan.  The  data-taking  portion  of 
EPDS  is  not  powered  up  at  this  time.  After  a  20-sec  warm-up  period,  the  SCU 
provides  a  level  signal  on  DEC  notifying  EPDS  that  it  is  ready  to  provide 
data.  EPDS  concurrently  continues  to  sample  the  status  of  DEC  every  51.2 
msec.  If  a  signal  has  not  been  provided  by  the  experiment  in  112  min,  the 
data-taking  portion  of  EPDS  will  be  automatically  powered  up  and  a  normal  data 
scan  initiated,  thus  completing  the  cycle.  EPDS  provides  an  EBL  level  signal 
coincident  with  receiving  the  DEC  pulse  that  starts  the  data  scan.  The  EBL 
level  signal  remains  high  until  all  data  scans  have  been  completed.  On  the 
trailing  edge  of  the  EBL  level  signal,  a  20  to  30  msec  wide  DEC  DBL  signal  is 
provided  to  the  experiment  to  turn  off  the  data  recording  system  until  the 
next  DEC  ENA  pulse. 

2.1.2.10  Program  Counters 

EPDS  provides  four  hard-wire  programmable  internal  counters  to 
establish  the  data  enable  periods.  These  counters  have  a  four-decade  capacity 
and  are  driven  from  a  precision  oscillator.  The  counters  are  preset  to  the 
programmed  count  at  the  Initialization  of  the  EPDS  and  count  down  to  zero. 


The  counters  are  identified  as  El  through  E4.  Counters  El  and  E2  are  one-time 
event  counters,  are  decremented  at  a  nominal  rate  of  once  per  0.932  hr 
(2^  *  1.28  x  10^  Hz)  and  are  usable  over  a  count  of  3  to  9999  (counts  of  0 
through  2  are  not  usable).  E3  and  E4  are  cyclic  counters  decremented  at  a 
nominal  rate  of  once  every  52.4  sec  (2^  *  1.28  x  10^  Hz)  with  a  usable  range 
of  3  to  9999.  On  reaching  a  zero  count,  E3  or  E4  is  automatically  preset  to 
the  programmed  count  and  the  cycle  is  continuously  repeated. 

Modification  No.  1  to  the  EPDS  permits  these  units  to  take  32 
equally  spaced  DEC  ENA  signals  at  programmed  intervals.  The  32  DEC  ENA 
signals  are  spaced  at  3.49-min  (Ej)  intervals  and  provide  equal  sampling  over 
a  span  of  111.8  min  (slightly  longer  than  the  LDEF  orbital  period).  These  32 
data  scans  are  then  repeated  at  93.16  hr  (E4  x  32)  Intervals  (Fig.  2-2). 

The  control  line  (CONI)  in  the  EPDS  is  hard-wired  low,  and  this  mode 
predetermines  when  the  first  data  scan  starts  and  when  all  further  EBL  pulses 
are  Inhibited.  In  this  mode,  the  cyclic  counter  E3  controls  the  DEC  ENA 
pulse,  if  events  El  (367  days)  and  E2  (367  days)  have  not  occurred.  When 
event  E2  occurs,  all  further  DEC  ENA  pulses  are  inhibited.  Since  in  this  mode 
El  and  E2  are  equal,  counter  El  cannot  transfer  control  of  the  DEC  ENA  pulses 
to  the  cyclic  counter  E4,  as  it  would  if  El  were  less  than  E2.  CMOS  signal 
pulses  (7.5  V)  are  provided  from  EPDS  on  the  leading  edge  of  the  El  and  E2 
events  to  facilitate  experiment  control.  This  modification  No.  1  is  designed 
to  initiate  a  burst  of  32  data  scans  immediately  after  EPDS  initialization  by 
LDEF  and  on  the  falling  edge  of  every  thirty-second  E4  pulse  that  follows. 

The  elapsed  time  from  initialization  to  the  first  DEC  ENA  is  3-1/2  counts 
(E3),  or  3.06  min.  The  full  E3  count  (3.49  min)  is  the  time  period  between 
data  scans  within  a  burst.  The  options  available  with  these  counters  are 
described  in  Ref.  1. 

2.1.2.11  Programmed  Inputs 

All  digital  Inputs  to  EPDS  are  wired  to  either  a  logic  1  or  0  (+7.5 
V  or  ground),  even  though  the  inputs  might  not  be  used  by  the  experiment. 

This  requirement  is  applicable  to  parallel  and  serial  digital  data,  program¬ 
ming  connectors  on  the  DPCA  printed  circuit  cards,  word  counter  flip-flops. 


-.****' 


U 


l 


19 


IRST 


. - EPDS  INITIALIZATION  LDEF 

WITH  CONI  *  0  MODIFICATION  1 


RETRIEVAL 


i 

n 


El  (8807  hr.) 


E2  (  8807  hr.) 


]n 


n. 


OUTPUT  TO 
CONTROLLER^ 


32E4  (93.2  hr.) 


n 


R*  I  SCANNING 

Ea  p"  STOPS-" 

BURST  OF  32  PULSES  WITH  PERIOD  EQUAL  TO  E3  (3.49) 


BURST  DURATION  32E3- 


(111.8  min. 

ill  mini 

3.06  min.  -|  |—  EACH  PULSE  PERIOD  D  (3.49  min.) 


Fig.  2-2.  Program  Counters  Commands 


and  certain  externally  programmed  inputs  such  as  CONI,  C0N2,  and  C^.  All- 
unused  analog  inputs  are  connected  to  analog  ground.  Unconnected  (floating) 
inputs  on  CMOS  circuit  devices  tend  to  put  the  device  in  a  linear  conduction 
region,  causing  excessive  and  damaging  electrical  stresses  and  heating  to  the 
CMOS  devices. 

2.2  BATTERIES 

The  batteries  for  EPDS  and  the  experiment  are  of  the  lithium/sulfur 
dioxide  (L1/S02)  type.  For  EPDS  a  nominal  7.5-V  battery  (6.0  to  9.0  V)  pro¬ 
vides  power  for  the  data  processor  controller  electronics,  and  a  nominal  12-V 
(10.5  to  15  V)  battery  provides  power  for  the  EPDS  magnetic  tape  module.  Two 
additional  12-V  batteries  power  the  experiments  and  the  SCU.  Regulators  with¬ 
in  the  SCU  stabilize  the  actual  voltages  used  as  the  battery  voltage  varies 
over  time. 

Battery  capacities  are  a  function  of  temperature  and  discharge 
rate.  The  curves  in  Fig.  2-3  illustrate  the  way  in  which  the  capacity  of  one 
cell  is  affected  by  both  the  rate  of  discharge  and  the  temperature.  The  7.5- 
and  12-V  batteries  have  internal  paralleling  of  four  and  two  cells,  respec¬ 
tively.  The  point  at  which  cell  voltage  drops  to  2.0  V  (Fig.  2-4)  determines 
the  cell  capacity  for  a  steady-state  discharge  at  constant  temperature.  For 
the  NASA  safety  factor,  it  is  assumed  that  the  battery  system  does  not  exceed 
75Z  of  its  rated  capacity  during  the  combined  requirements  of  testing  and 
experiment  lifetime.  Using  NASA  criteria,  the  safety  limit  is  calculated  to 
be  12  A  hr.  The  calculations  of  Table  2-3  estimate  that  only  6.67  and  2.32  A 
hr  will  be  required  for  a  400-day  mission  from  experiment  batteries  No.  1  and 
2.  If  the  EPDS  power-down  signal  fails,  the  power  estimates  increase  to  10.75 
and  4.64  A  hr.  All  estimates  are  within  NASA  safety  limits. 

A  phenomenon  associated  with  the  lithium  battery  is  that  of  low  ini¬ 
tial  voltage  after  storage  or  very  light  duty.  Battery  voltage  will  drop  to  a 
relatively  low  level  and  then  recover.  The  available  turn-on  voltage  is  af¬ 
fected  by  the  operating  and  storage  temperatures,  past  and  present  battery 
loading,  and  the  overall  duty  cycle.  Ground  test  personnel  must  be  aware  of 
this  phenomenon  during  qualification  tests  and  checkouts,  especially  if  the 
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Fig.  2-3.  Battery  Cell  Capacity  (From  Ref.  1) 


CAPACITY  OUTPUT,  AMPERE  HOURS 


Fig.  2-4.  Cell  Voltage  versus  Capacity  (From  Ref.  1) 
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Table  2-3.  Estimates  of  Battery  Ampere  Hours 
Used  During  Mision® 


Battery  No.  1,  +12  V 

State 

Current** 

On  Time 

A  hr 

Standby 

270  A 

9600  hr 

2.59 

Power-upd 

220  mA 

18.55  hr 

4.08 

Power-down 

33  mA 

9.027  hr 

0.00 

Total 

6.67 

Battery  No.  2,  -12  V 

State 

Current0 

On  Time 

A  hr 

Standby 

0 

0 

Power-upd 

125  mA 

18.55  hr 

2.32 

Power-down 

0 

0 

Total 

2.32 

Estimates  are  for  a  400-day  mission. 

Test  Voltage  -  +13.139  V 
‘'Test  Voltage  ■  -13.34  V 

dIf  the  EPDS  power-down  signal  fails  to  shut  down  the  SCU  and  experiments,  an 
internal  SCU  timer  will  take  over  the  power-down  timing,  resulting  in  an 
increase  up  to  a  factor  of  2  of  the  total  on  time  and  power-up  ampere-hours 
for  the  mission. 
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warm-up  time  i i  short  or  if  the  battery  is  operated  after  a  long  storage  peri¬ 
od.  A  deep  discharge  for  a  brief  period  will  stabilize  the  battery  voltage. 
Refer  to  the  EPDS  manual  battery  section  for  further  details  before  attempting 
this  discharge. 

2.3  EXPERIMENT  INSTRUMENTATION 

The  signal  conditioning  system  consists  of  transducers  in  the 
experimental  trays,  batteries  for  powering  the  experiments,  and  a  buffer 
circuity  for  interfacing  the  signals  from  the  transducers  with  EPDS.  The 
batteries  are  two  12-V  H/SC>2  units  of  the  same  type  as  described  in  Section 
2.2  Details  of  the  types  of  transducers  used  and  of  the  SCU  follow. 

2.3.1  Transducers 

The  transducers  supplied  by  Aerospace  consist  of  strain  gauges, 
thermistors,  and  circuits  used  to  monitor  solar  cell  power.  The  20  strain 
gauges  in  each  tray  system  are  Micro-Measurements  model  ED-DY-125TQ-10C. 

Their  useful  temperature  range  is  from  -100  to  350°F,  and  their  strain  level 
range  is  approximately  ±2000  microstrains.  The  characteristic  resistance  for 
these  gauges  is  1000  ohm  ±0.5%.  Each  strain  gauge  is  connected  In  a  simple 
bridge  circuit  (Fig.  2-5a),  In  which  the  output  difference  is  amplified  by  a 
low-noise  amplifier  (Harris  2730-8).  The  gain  of  these  amplifiers  is  set  such 
that  a  l-microstrain  signal  will  result  in  a  1-mV  output  from  the  amplifiers 
to  EPDS  high-level  analog  inputs.  All  20  of  these  amplifiers  are  located 
within  the  SCU  enclosure.  The  temperature  drift  of  these  amplifiers  ranges 
from  -3  mV/°C  to  +7.5  mV/°C.  Each  10  amplifiers  share  a  common  heat  sink  with 
temperature  monitored  by  thermistors  (channels  43  and  44).  The  drift  of  each 
amplifier  over  the  operating  temperature  range  was  recorded  during  SCU 
thermal-vacuum  qualification  tests.  By  compensating  for  these  drifts  in  the 
data  reduction  process,  more  accurate  strain  measurements  are  possible. 

The  solar  cell  power  monitor  circuit  (Fig.  2-6)  in  the  SCU  measures 
the  voltage  developed  by  the  short-circuit  current  of  the  cell  through  a 
0.05-ohm  resistor.  Normally,  a  flux  level  of  1  sun  Incident  on  one  of  these 
cells  generates  a  short  circuit  current  of  160  mA  and  a  corresponding  voltage 
of  8  mV,  The  voltage  data  are  transmitted  to  EPDS  as  low-level  analog  signals 
for  storage. 
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Fig.  2-5a.  One  of  20  Bridge  and  Strain 
Gauge  Amplifier  Circuits 
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Fig.  2-5b. 


Interface  Voltage  Translation  Circuit 


The  transducers  used  to  sense  temperature  are  thermistors  (Appendix 
A).  Three  different  Yellow  Springs  Instrunent  (YSI)  thermistor  models  cover 
the  temperature  ranges  expected  during  this  experiment.  Model  44033  Is  used 
for  the  low  temperature  circuit;  model  44032,  for  the  high  temperatures;  and 
model  44031,  for  the  wide  range  and  cooposlte  sample  temperatures  (Fig.  2-7a 
and  2-7b).  The  Interchangeability  among  thermistors  of  the  same  model  Is 
±0.1®C  from  0  to  +75<>C.  The  operable  temperature  range  is  -55  to  +70°C.  The 
time  constant  Is  about  1  sec  for  heat  sunk  (TOrr-sealed  to  the  tray) 
thermistors,  and  their  dissipation  constant  Is  8  mW/°C.  The  YSI  thermistor 
resistance  versus  temperature  table  is  reprinted  in  Table  2-4.  Fbr 
convenience,  the  measured  output  voltage  versus  temperature  for  our  circuits 
is  reprinted  in  Tables  2-5  through  2-7b.  It  Is  this  voltage  that  Is 
transmitted  to  EPDS  high-level  analog  Inputs. 

The  data  from  the  Berkeley  Controls  quartz  crystal  monitor  (QCM)  and 
the  Boeing  fiber  optics  experiments  are  transmitted  to  EPDS  as  parallel  digi¬ 
tal  data.  Further  details  of  these  experiments  are  given  in  the  documentation 
supplied  by  Boeing  and  Berkeley  Controls. 

2.3.2  Signal  Conditioning  Unit 

The  SCU  acts  as  the  interface  between  the  transducers  and  the  EPDS 
recording  networks.  All  transducer  signals  are  processed  in  the  SCU  before 
they  are  transmitted  to  EPDS.  The  location  and  primary  function  of  each  of 
the  10  input/output  ports  of  the  SCU  is  indicated  in  Fig.  2-8.  The  SCU  on 
command  from  EPDS  powers  up  the  experiments  for  the  data  scans  and  also  powers 
down  the  experiments  after  the  data  scan.  The  SCU  enclosure  houses  the 
electronics  for  the  Berkeley  Controls  QCM,  the  monitoring  circuits  for  the 
thermistors,  strain  gauge  amplifiers,  solar  cell  power  monitoring  circuits, 
and  the  interface  voltage  translation  circuits  for  the  parallel  digital  data. 

The  20  translation  circuits  (Fig.  2-5b)  ensure  that  the  digital 
logic  of  EPDS  has  the  proper  voltage  for  a  true  (high)  bit  even  as  the  EPDS 
battery  voltage  drops  during  the  mission.  If  this  translation  were  not  used, 
the  SCU  true  voltage  could  either  be  less  than  the  true  threshold  level  of  the 
EPDS  logic  or  greater  than  the  damage  threshold  as  the  two  battery  supplies 
(for  SCU  and  EPDS)  discharge. 
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Fig.  2-7a.  Low  Temperature  Thermistor  Circuit  and 
Wide  Range  Thermistor  Circuit 


Fig.  2-7b.  Composite  Thermistor  Circuit  and  High 
Temperature  Thermistor  Circuit 


Table  2-4.  YSI  Thermistor  Resistance  vs.  Temperature 


Table  2-4 


YSI  Thermistor  Resistance  vs.  Temperature  (Continued) 


PART  NO. 

44001 

44002 

44003 

4400* 

44033 

44005 

urn* 

44007 

44034 

if 

44001 

44032 

41021 

MOM 

44015 

U0 

900 

1000 

2252 

3000 

5000 

10,000 

10,000 

100,000 

300,000 

I  WEB. 

•OOV 

•LACK 

BLACK 

•LACK 

BLACK 

NAHM 

•LACK 

OMMC 

•LACK 

OB  ANSI 

BLACK 

ORAM* 

•LACK 

MAMC 

••OWN 

•■OWN 

MOWN 

CNO 

BROWN 

RKD 

ORAJtet 

YELLOW 

OBANftt 

CRLEN 

■LACK 

VIOLET 

YELLOW 

■•OWN 

•BAY 

■IB 

•■OWN 

YELLOW 

CREEN 

TWO.  *C 

RESISTANCE  ii 

+40 

439 

111  2 

549  0 

1200 

I5M 

2*43 

SM2 

IAI9K 

S7I9K 

I494K 

473.2K 

«! 

42.1 

175  5 

549  5 

1152 

ISIS 

2SM 

S3M 

15.92K 

5007K 

142  *K 

161  0k 

42 

404 

1700 

550  7 

1107 

1475 

HM 

51*3 

24S2X 

41  MK 

1347K 

430.0K 

54  7 

144  7 

532  7 

I0M 

1419 

2343 

SMS 

14.35K 

MUK 

130  BK 

410  OK 

571 

159  6 

515  3 

1023 

1JS3 

2272 

4*27 

13JBK 

44.24K 

125. IK 

391  IK 

4$ 

554 

1546 

49t  6 

•S3J 

1310 

21M 

4455 

U.NK 

42  50K 

US  IK 

373.tK 

44 

54  1 

1499 

4*25 

946.2 

1210 

2191 

44M 

I2  77K 

40  11 K 

114  7K 

354  IK 

4) 

52  4 

1453 

447  0 

9102 

1212 

2021 

4331 

127* A 

J9  70K 

I09.4K 

339  *K 

4| 

$1.7 

(40  9 

452  1 

1719 

U«7 

1944 

417* 

naiK 

17  MK 

105  2K 

124  4K 

4S 

491 

1346 

437  1 

•42.8 

1123 

1171 

4M3 

ilMK 

36  UK 

100  IK 

3N*K 

+50 

445 

132  5 

423  9 

•113 

INI 

INI 

m3 

1**7  K 

34  7IK 

S4MK 

7*5  SK 

SI 

47.2 

121.5 

410  4 

7*1.1 

1040 

1734 

1751 

I0.S7K 

33  NK 

•2S2K 

292  7K 

52 

440 

1247 

3974 

752.2 

1002 

1670 

3429 

10  UK 

3?  15K 

MMK 

270  IK 

S3 

441 

1210 

3154 

724.5 

945  0 

1606 

3504 

N07 

J0  92K 

•5  04K 

2M  IK 

54 

436 

1174 

373  5 

C979 

*2*6 

154* 

1305 

MM 

29  74K 

II55K 

246  7K 

55 

425 

1140 

342  0 

472.5 

995* 

14*3 

1279 

•IN 

21.4  (K 

?l  2?K 

2)5  IK 

54 

41  4 

1107 

3510 

4411 

943  3 

1431 

I1M 

I7S1 

77  53K 

7504K 

225  6K 

57 

403 

1075 

340  3 

6241 

*32.2 

13t7 

mo 

•467 

24  50K 

77  OIK 

216  IK 

51 

39.3 

104  4 

330  0 

4024 

9S2J 

1337 

2*5 2 

•1M 

25  50K 

69  1IK 

2M4K 

ss 

313 

101.4 

320  1 

SM.9 

773.7 

>790 

2154 

7474 

24  54K 

44  34K 

197  5K 

+40 

373 

945 

310  5 

5403 

7441 

1244 

2710 

7599 

2345K 

43  70K 

IN  IK 

41 

344 

957 

301  2 

540  5 

711.9 

1200 

24M 

7332 

22  77K 

61  17K 

111  OK 

42 

355 

930 

292  3 

5215 

•*4.7 

1IM 

75*2 

7*74 

21MK 

5*  75K 

173  SK 

43 

344 

903 

2*37 

503.3 

*70.4 

III? 

2*97 

1*30 

21  UK 

54  44K 

164  OK 

44 

331 

•71 

2753 

4451 

647.1 

1079 

2417 

mm 

20.37K 

M21K 

159  OK 

45 

330 

154 

247  3 

4190 

424  7 

1041 

7331 

4347 

I9  43K 

52  12K 

152  JK 

44 

321 

430 

2595 

4929 

403.3 

10M 

2244 

6149 

1I93K 

50  10K 

144  OK 

67 

314 

•07 

2520 

437.4 

5*2.4 

•71.1 

2191 

5940 

14  25K 

4I17K 

139  9K 

41 

304 

71.5 

2441 

4225 

542.1 

939.0 

2122 

STM 

I7  60K 

44  J?K 

134  IK 

49 

29.9 

76  4 

237* 

4012 

543.7 

906.3 

2055 

SMS 

16*7  K 

44  MK 

I2*.6K 

+  70 

29  2 

74  3 

2310 

394  5 

5254 

•757 

1990 

5351 

I6  37K 

42. ISK 

I231K 

71 

21 5 

723 

224  5 

391.2 

507  a 

•444 

192* 

SIN 

15  MK 

41  2  JR 

MI3K 

72 

27.1 

703 

2112 

MS 

490  9 

1113 

tau 

5007 

I52SK 

39C7K 

II15K 

n 

272 

MS 

2120 

3542 

474.7 

7*12 

1110 

4*42 

l«  ?2K 

31  UK 

IN  9K 

74 

245 

646 

206  l 

344  5 

45*0 

744.1 

1754 

44*? 

14.2IK 

36  75K 

104  5K 

75 

25.9 

HI 

2004 

333  1 

4440 

7400 

1700 

452* 

13.72K 

35  39K 

100  JK 

74 

253 

432 

1941 

322.3 

42*.  S 

7IS9 

144* 

43tl 

J32SK 

34  MK 

N31K 

27 

24  7 

61  5 

1195 

3111 

415.1 

412  7 

INI 

4231 

12.7»K 

37S2K 

92  4*  K 

71 

24.2 

599 

1143 

1017 

402.2 

670  3 

ISM 

4)02 

17  34K 

31  42K 

M42K 

79 

23.4 

544 

129  3 

292  0 

319.3 

64tl 

1503 

3*70 

11  MK 

30  46K 

15  32  K 

+•0 

23.1 

541 

1745 

2127 

3749 

42*1 

145* 

11  MM 

29  35K 

•  INK 

41 

22.4 

554 

IMS 

271.7 

344  9 

4002 

1414 

11. ISK 

?l  ?9K 

7S  7|K 

12 

22  1 

540 

1652 

245.0 

353  4 

Mtt 

1372 

H* 

1079K 

77  27K 

75  7 1 K 

S3 

214 

524 

1601 

254.7 

342  2 

570  4 

1332 

34M 

10.42K 

?6  ?9K 

72.7SK 

M 

21.1 

513 

1546 

24*6 

331.5 

5926 

12*3 

337* 

10  NK 

25  35K 

49  NK 

15 

204 

500 

152  4 

240* 

3217 

535  4 

1255 

1271 

*744 

74  45K 

67  29K 

04 

20.2 

4*2 

>444 

233.4 

311.3 

41*1 

1219 

3172 

M24 

?3.59K 

M.72K 

17 

197 

47.5 

1445 

22*2 

301.7 

502  * 

11*3 

N71 

*117 

22  76K 

42.24K 

II 

193 

44.3 

140* 

21*3 

2*24 

4974 

1149 

2*7* 

M2I 

Z1.96K 

59  91K 

•9 

US 

452 

1371 

2126 

iti.s 

4724 

ill* 

2M7 

*534 

21  I9K 

57.45K 

+90 

1*5 

44  1 

1334 

2041 

274* 

45*2 

1004 

27*9 

•241 

20  45K 

59.48  K 

91 

111 

430 

1302 

IM.I 

2141 

444  4 

1053 

2714 

79*6 

19.7SK 

53  41K 

92 

777 

41  9 

12*9 

1*3* 

no  4 

4310 

1023 

2412 

7741 

1»07K 

5I42K 

93 

17.3 

409 

1234 

11*1 

290* 

41IJ 

0*4.2 

2552 

74*6 

11  4IK 

4V52K 

94 

770 

399 

1205 

1125 

243.4 

4057 

ms 

2474 

725* 

177IK 

47.69K 

95 

164 

39.0 

1175 

177.1 

2342 

1*1.7 

93*3 

2407 

7030 

17. 1IK 

45  94K 

N 

14.3 

341 

114  5 

171* 

22*4 

3*21 

*13.2 

2111 

4*10 

I6.6QK 

44  ?6K 

97 

15.9 

372 

1117 

!•*.* 

222.4 

370  9 

•a?.* 

2242 

659* 

>6  MK 

42  65K 

91 

154 

343 

10*9 

162.0 

21*1 

340.1 

•434 

2195 

4393 

15.50K 

41  I0K 

99 

153 

354 

l«2 

IS7.J 

20*1 

3497 

*3*7 

2111 

61*5 

14.NK 

39.62  K 

+  100 

150 

346 

1036 

1521 

2031 

339  6 

1161 

2049 

4005 

I444K 

3I20K 

101 

14.7 

33.1 

101  1 

14*4 

1*7.9 

329* 

7*46 

7009 

5*2) 

KOOK 

36  MK 

102 

144 

33.0 

N4 

1442 

192  2 

320  4 

773.1 

1950 

5443 

13. MK 

35  53K 

103 

14  1 

1 22 

9*2 

14(7  1 

INI 

311  3 

7523 

11*4 

M72 

13  NK 

34  27K 

104 

131 

315 

939 

134  1 

ms 

302  5 

712.1 

1440 

5307 

12  KK 

33  06K 

105 

113 

301 

914 

132  3 

176  4 

2*40 

7121 

17M 

5147 

12  29K 

31  91K 

104 

133 

X  1 

195 

1214 

1714 

2S5  7 

6*36 

1737 

4*93 

U.NK 

3079K 

>07 

13  0 

29  4 

•7.3 

1250 

1447 

277  1 

6753 

1411 

4444 

11  47K 

2972K 

ioa 

121 

2*7 

15  3 

1216 

142  0 

270  1 

657  5 

1440 

4700 

ii. iik 

2I69K 

125 

2t.l 

•32 

11*2 

157  6 

242  4 

640.3 

15*4 

*541 

107SK 

27.7IK 

+  110 

123 

275 

•1.3 

115  0 

1532 

255  4 

42)5 

1590 

4427 

10.41  K 

2S76K 

720 

24.1 

7*4 

me 

149  0 

241  4 

407  3 

1507 

42*7 

10MK 

25  94K 

112 

HI 

242 

77  4 

INI 

1450 

2416 

5*1.6 

1445 

4(72 

97W 

24  NK 

113 

11* 

257 

7S| 

105* 

141  1 

235.1 

57*4 

1475 

4051 

*454 

114 

114 

25  1 

740 

1030 

137.2 

22S  7 

Mil 

IMS 

3*33 

9141 

23  31 K 

111 

246 

72  3 

100.2 

1334 

222  6 

547  1 

I3M 

3*20 

M74 

22  52K 

114 

10  9 

24  0 

70.7 

*7.6 

1300 

216  7 

5334 

lilt 

3711 

9101 

2177K 

117 

10  7 

235 

HI 

950 

1245 

2109 

SI*.* 

1274 

3605 

•334 

2105K 

III 

10  5 

210 

475 

92  5 

1232 

2053 

504  » 

1241 

3502 

•ON 

20  35K 

119 

103 

225 

440 

900 

1199 

199  9 

494  1 

I2N 

3403 

7132 

19  MK 

+  120 

10  1 

22  0 

445 

177 

116* 

1*47 

411. « 

1174 

330? 

75M 

I9.03K 

214 

43  1 

•5.4 

IDS 

199  6 

4491 

1145 

3214 

7344 

IS  BIN 

122 

21.1 

617 

•3.2 

1 IOO 

1*47 

4512 

1114 

3124 

?U2 

123 

206 

403 

711 

1079 

17*1 

444* 

1015 

3031 

4927 

17  23K 

20  2 

5*0 

7*0 

105.7 

175) 

415* 

1957 

2*53 

4720 

16. 6*  K 

191 

57  7 

1025 

170  S 

4251 

1029 

2172 

4519 

1*4 

544 

750 

999 

1M4 

4141 

1002 

27*3 

4324 

15.42K 

190 

552 

731 

97.3 

142  2 

404  9 

9743 

271? 

4139 

15.I2K 

III 

540 

71.3 

949 

15*1 

1951 

991.1 

2M3 

9951 

112 

52.S 

695 

92  5 

154  1 

3*5* 

924  7 

2571 

57*4 

>4  UK 

+  1JO 

171 

517 

67.1 

90? 

1503 

374  4 

9030 

2501 

5415 

I374K  1 

17.5 

506 

44  l 

•7.9 

INS 

367.4 

MOO 

2434 

M92 

IS. IIK 

17.1 

495 

*57 

142* 

154  7 

117  7 

23M 

92*4 

12  NK 

161 

41.5 

62  9 

136 

13*4 

350  3 

•341 

23N 

SMi 

164 

475 

61  3 

11.6 

136  0 

342  0 

1190 

2244 

4*94 

12  I0K 

II  1 

445 

591 

79* 

1326 

334  0 

7*4  t 

2119 

4951 

11  73K 

151 

455 

511 

77.6 

12*4 

3243 

not 

2121 

4713 

155 

444 

570 

751 

1243 

31*7 

755  4 

2072 

4SM 

II02K 

152 

436 

556 

739 

1232 

3113 

734* 

2011 

4450 

10  49k 

149 

427 

543 

77.2 

1203 

304  2 

7iaa 

1*49 

4325 

10J6K 

+  140 

146 

419 

530 

704 

1174 

2*72 

7012 

1114 

4204 

10.05K 

410 

517 

Ml 

N4I 

2*0.4 

M4I 

1149 

4M7 

•746 

402 

505 

47 1 

111* 

2*3 1 

•17.4 

111? 

3174 

MSS 

394 

49.  J 

*55 

IN  2 

277  4 

451) 

1770 

MM 

9173 

3a. 4 

4*2 

440 

IN  7 

271.2 

439.4 

1729 

179? 

•901 

371 

470 

425 

104  2 

266.1 

420  J 

>N1 

3454 

•437 

144 

37  0 

459 

61  1 

1011 

25*2 

MS 

141* 

ms 

*3*3 

303 

449 

594 

9*40 

293  4 

Mil 

ISM 

M54 

•»7 

354 

43* 

513 

97  (0 

247* 

17?  t 

ISM 

3344 

7999 

149 

349 

421 

549 

•417 

242  3 

543  5 

1*11 

1274 

7*|* 

+  150 

342 

<!• 

554 

•2  70 

2370 

490? 

INI 

3IM 

7447 

Not*  Only  thermistors  with  ±0  2’C  interchangeability  are  available  encased  m  Teflon  as  standard  parts.  For  Part  No.  of  Teflon  encased  thermistor*  add  100  to  part  No.  of 
±Q.rC  interchangeable  thermistors  Eiample  44001  is  a  standard  thermistor,  44101  is  a  Teflon  encased  thermistor  with  the  same  resistance  vetoes. 


Table  2-5.  High  Temperature  Thermistor  Voltage  vs.  Temperature  Power 
Supply  Voltage  5.003  Vdc  YSI  44032,  44910,  311P18,  -10S 
Resistance  30  Kfl  at  25°C 


Table  2-6.  Wide  Range  Thermistor  Voltage  vs.  Temperature  Power  Supply 


Table  2-7.  Low  Temperature  Thermistor  Voltage  versus  Temperature 
Power  9upply  Voltage  5.004  Vdc  YS1  (44902)  311P18-02S 
and  YSI  44033  Resistance  2252  0  at  25°C 


Power  Supply  lnput6 

EPDS/SCU  Pulse  Command  Inputs 

Solar  Cells,  Composites  plus  Low  Range 
Thermistor  Inputs 

High  Range  Thermistors,  Parallel  Boeing 
Data  Inputs 

Wide  Range  Thermistors  and  Strain  Gauge 
Inputs 

Strain  Gauge  Inputs 

Solar  Cells,  Composite  and  Low  Range 
Thermistor  Outputs 

High  Range  Thermistors,  Boeing  and  QCM 
Parallel  Digital  Data  Outputs 

Strain  Gauge  Outputs 

Wide  Range  Thermistor  Outputs 


Figure  2-8.  Input /Output  Ports  of  SCU 


30  msec 


Functional  Block  Diagram 
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The  pulse  command  sequence  between  EPDS  and  the  SCU  Is  shown  In  Fig. 
2-9.  These  commands  interact  with  the  SCU  (Figs.  2-10  through  2-12)  in  the 
following  manner.  Initial  turn  on  of  the  data  recording  network  begins  just 
after  deployment  of  the  IDEF  satellite.  In  the  SCU,  power  is  applied  to  the 
NOR  gate  of  IC4  to  activate  the  DEC  ENA  command  signal  detector  and  to  power 
the  automatic  shutdown  timer,  IC5.  Only  these  two  circuits  in  the  SCU  remain 
activated  throughout  the  entire  mission.  The  current  drain  from  these  com¬ 
ponents  is  less  than  300  PA.  All  other  circuitry  and  transducers  are  slaved 
to  the  EPDS  data  scan  cycle.  When  the  NOR  gate  (IC4)  receives  the  DEC  ENA 
command  from  EPDS,  the  power  relay  K1  is  energized  and  the  remaining  SCU  cir¬ 
cuitry  and  the  experiments  are  powered  up.  TVo  internal  timers  are  started. 
One  is  a  20-sec  timer  (IC1),  which  permits  the  electronics  to  come  to  a  steady 
state  after  turn  on  and  before  IC1  sends  EPDS  a  buffered  DEC  command  to  start 
the  data  scan.  The  other  timer  (IC2)  shuts  down  the  SCU  40  sec  after  starting 
if  no  shutdown  command  is  received  from  EPDS.  During  the  data  reading  pro¬ 
cess,  both  the  DEC  ENA  and  the  EBL  signal  lines  are  kept  high  to  ensure  that 
IG4,  the  command  signal  detector,  does  not  accidently  shut  down  the  SCU  during 
the  data  reading  process.  After  EPDS  has  finished  the  data  scan,  it  commands 
the  SCU,  through  Its  DEC  DBL  line,  to  shut  down  the  SCU  immediately.  The  SCU 
then  awaits  the  next  DEC  ENA  command  from  EPDS. 
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3.  DETAILS  OF  GROUND  SUPPORT  EQUIPMENT 


The  experiment  power  and  data  system  (EPDS)  ground  support  equipment 
consists  of  a  magnetic  tape  memory  (MTM)  controller,  a  data  display  box  (DDB), 
a  computer-compatible  tape  recorder  (CCT)  with  tapes,  and  Interfacing  cables. 
In  addition,  the  Aerospace  ground  support  equipment  (GSE)  consists  of  a  com¬ 
mand  sequencer,  an  experimental  load  simulator,  and  a  channel  selector  probe. 
These  Aerospace  units  permit  the  checking  out  of  the  signal  conditioning  unit 
independently  of  EPDS. 

3.1  EXPERIMENT  POWER  AND  DATA  SYSTEM  GROUND  SUPPORT  SYSTEM 

3.1.1  Data  Display  Box 

The  DDB  is  designed  to  aid  the  user  in  evaluation  of  the  performance 
of  an  EPDS  operating  in  a  particular  application.  To  meet  this  objective,  the 
DDB  provides  the  user  with  four  support  functions:  (1)  a  monitor  of  data 
processor  controller  assembly  (DPCA)  data  activity,  (2)  an  Interface  between 
the  flight  tape  recorder  and  CCT,  (3)  an  auxiliary  ac  line-operated  power  dis¬ 
tribution  and  control  system,  and  (4)  a  numeric  display  and  thermal  printer 
that  can  both  display  and  record  the  DPCA  data.  The  user  can  display  or  print 
data  in  either  octal  or  decimal  format,  display  or  print  a  single  word  within 
a  DPCA  data  scan,  or  sequentially  display  and  print  every  word  in  a  data 
scan.  The  display  monitors  the  same  data  signal  that  is  presented  to  the  4K 
buffer  memory  in  the  DPCA.  Key  timing  signals  from  the  DPCA  are  used  to  slave 
the  operation  of  the  DDB  to  the  DPCA.  The  printer  lists  data  at  less  than  3 
lines/sec,  and,  therefore,  cannot  list  data  in  real  time.  The  data  display 
can  not  read  (list)  data  directly  from  the  tape  but  only  indirectly  through 
the  4K  buffer  memory.  The  EPDS  stores  large  volumes  of  data  during  ground  and 
flight  operations,  and  a  total  analysis  of  all  data  will  require  transcription 
of  the  MTM  data  onto  a  CCT  for  computer  analysis. 

3. 1.1.1  DDB  Front  Panel 

The  four  meters  across  the  top  of  the  DDB  front  panel  (Fig.  3-1) 
provide  for  measurement  of  the  7.5-  and  12-V  currents.  Spring-loaded  switches 
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are  provided  below  the  7.5-V  current  meters  to  provide  a  range  of  1.5  or  150 
mA.  Current  loops  are  provided  in  series  with  each  of  the  current  meters  to 
permit  the  monitoring  of  transient  currents.  The  two  lower  meters  monitor  the 
7.5-  and  12-V  supplies.  A  switch  is  provided  below  the  12-V  current  meter  to 
permit  the  monitoring  of  a  12-V  supply  that  is  used  only  for  the  MTM 
controller.  The  ac  input  to  each  of  the  internal  power  supplies  is  fused. 

The  power  switch  applies  ac  power  to  the  power  supplies  and  the  printer.  The 
three  connectors  on  the  lower  right-hand  side  provide  connections  to  the  MTM 
controller.  The  top  connector  (P2CCT  INT/FACE)  is  the  output  of  the  CCT 
circuitry  and  is  to  be  connected  to  the  computer-compatible  tape  recorder. 

The  middle  connector  (P3  POWER)  is  connected  to  the  EPDS  initiate  connector 
(P753)  and  the  EPDS  GSE  power  switching  connector  (P751).  The  lower  connector 
(PI  DPCA)  is  connected  to  the  EPDS  DPCA  connector  (S703A)  and  to  the  MTM 
controller.  The  five  test-point  jacks  (TP1  through  TP5)  provide  oscilloscope 
monitoring  of  the  DPCA  data,  bit  clock,  word  clock,  and  reset  signals. 

The  OCTAL/DEC  switch  is  used  to  place  the  digital  display  and 
printed  data  in  either  octal  or  decimal  format.  The  ALL  DATA/SEL  WORD  switch 
is  used  to  determine  whether  the  digital  display  and  printer  data  are  a  single 
selected  word  determined  by  the  thumbwheel  switches  (WORD  SEL)  or  all  the 
data.  The  LED  TEST  causes  the  digital  display  to  display  all  8s.  The  RESET 
switch  is  used  to  ensure  that,  in  the  ALL  DATA  mode,  the  first  word  displayed 
is  word  1.  The  RESET  switch  (S£  on  LD-DPCA-730)  also  ensures  that  no 
transient  has  set  the  counter  associated  with  word  selection  to  an  ambiguous 
count.  A  good  practice  is  to  exercise  the  RESET  switch  prior  to  each  printing 
or  displaying  of  ALL  DATA.  The  DPCA/MANUAL  switch  placement  indicates  whether 
the  DPCA  or  the  MTM  controller  issues  controls  to  the  MTM.  The  CONI  switch 
permits  DDB  control  of  the  user  program  function  ODN1.  The  switch  permits 
DDB  control  of  the  clock  inputs  to  the  El  through  E4  counters.  In  the  HI 
position,  a  5-kHz  clock  is  connected  to  all  four  E  counters  to  functionally 
exercise  these  counters  in  a  reasonable  time.  User  access  to  the  El  through 
E4  pulses  must  be  by  an  extender  card  and  the  oscillator-divider  printed  cir¬ 
cuit  card  or  at  the  DPCA  plug  S705  (one  of  the  user  plugs  on  the  DPCA).  The 
ON/ OFF  switches,  for  the  EPDS  and  for  the  7.5  and  12  V  experiments,  switch 
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the  dc  output  of  the  appropriate  power  supply.  The  INT/EXT  switch  energizes  a 
relay  (K2)  on  the  mounting  plate  and  permits  EPDS  operation  on  internal  bat¬ 
teries  or  the  DDB  external  supplies.  Disconnecting  cables  from  the  EPDS  or 
removal  of  ac  power  to  the  DDB  will  result  in  the  EPDS  reverting  to  internal 
batteries.  Power  must  be  applied  to  K2  to  maintain  the  external  position. 

The  SET/INITIATE  switch  exercises  the  initiate  function  (Kl)  on  the  mounting 
plate.  The  INITIATE  MONITOR  lights,  between  the  thumbwheel  switches  and  the 
digital  display,  are  used  to  monitor  the  position  of  the  initiate  relay. 
Storage  of  the  EPDS  to  prevent  battery  drain  is  with  the  initiate  in  the  RESET 
position. 

The  C0N2  switch  is  used  to  place  the  DPCA  in  a  normal  flight  mode  or 
a  continuous  scanning  mode.  Our  experiment  requires  this  switch  to  be  set  in 
the  PROG  SCAN  position.  The  key  timing  signals  for  operation  will  be  provided 
by  the  DPCA  flight  program.  EPDS  will  scan  the  input  data  signals,  store  the 
data  in  the  4K  buffer  memory,  and  transfer  the  data  to  MTM  tape.  Only  during 
the  time  that  data  are  stored  in  memory  can  DDB  display  or  print  data  signals. 

In  the  ALL  DATA  print  mode,  the  printer  will  print  all  data  measure¬ 
ments  consecutively.  However,  the  first  data  measurement  listed  will  be  sepa¬ 
rated  in  time  by  many  data  scans  from  the  last  measurement  listed.  In  the  SEL 
WORD  print  mode,  the  printer  may  be  able  to  print  the  selected  word  on  every 
data  scan  if  the  number  of  words  in  a  data  scan  Is  long.  The  printer's  maxi¬ 
mum  operating  speed  is  3  lines/sec.  The  printer  format  is  seven  characters 
wide.  The  four  right-most  characters  are  the  data  in  either  octal  or  decimal 
format.  The  two  left-most  characters  represent  the  number  of  the  data  mea¬ 
surements.  If  the  number  of  data  measurements  exceeds  99,  the  numbers  will 
cycle  back  to  zero  and  continue  to  Increment,  and  the  user  will  have  to  infer 
a  leading-hundred  digit.  In  an  octal  format,  there  will  be  a  blank  space 
between  the  data  and  the  word  number.  In  a  decimal  format,  a  plus  sign  will 
appear  between  the  data  and  the  word  number  to  signify  that  the  data  are  in  a 
decimal  format. 
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3. 1.1.2  Computer  Compatible  Tape  Interface  Circuitry 


The  CCT  interface  portion  of  the  DDB  provides  the  means  to  perform 
end-to-end  testing  during  EPDS  integration  with  an  experiment.  The  CCT  inter¬ 
face  is  designed  to  transfer  the  data  gathered  by  the  flight  recorder  during 
DPCA  operation  to  a  1/2-in.,  9-track,  800-bit/in.  format,  which  can  be  used  as 
input  to  most  large  computer  installations.  After  the  data  are  resident  in  a 
large  computer,  there  are  a  number  of  options  for  processing  and  listing  the 
data  in  the  format  most  meaningful  to  the  user. 

The  circuit  will  fill  each  8-bit  character  across  the  width  of  the 
tape  with  eight  successive  1-bit  characters  from  the  flight  recorder.  The 
ninth  track  of  the  CCT  recorder  is  normally  used  to  record  the  internally- 
generated  parity  bit  for  each  character.  To  prevent  possible  ground-loop 
problems,  the  data  and  clock  are  isolated  from  the  MTM  controller  through 
optically-coupled  isolators. 

3. 1.1.3  Power  Distribution  and  Control  Circuitry 

The  power  distribution  and  control  system  permits  the  user  to  begin 
EPDS  operation  and  substitute  ac  line-operated  power  supplies  In  place  of  the 
normal  battery  supplies.  Complete  metering  Is  provided  for  the  voltage  and 
current  of  both  the  7.5-  and  12-V  system  supplies.  Provision  is  made  to  allow 
the  user  access  to  the  same  supplies  with  independent  current  metering. 

Current  loops  are  also  provided  so  the  power  supply  current  waveforms  can  be 
observed  on  an  oscilloscope. 

3.1.2.  Computer  Compatible  Tape  Recorder 

The  CCT  recorder  is  a  Kennedy  Model  9832  which  consists  of  a  Model 
9800  synchronous  tape  transport  with  a  built-in  buffered  formatter.  The 
recorder  operating  manual  (Ref.  3)  includes  a  complete  description  of  the 
Interface  requirements  and  lists  of  pin  interface  connections  and  command 
controls.  In  Table  3-1  is  a  brief  d*.  cription  of  each  of  the  command  controls 
and  indicators. 
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Table  3-1.  Kennedy  Tape  Recorder  Controls  and  Indicators 


Control  Function 


End  of  File  Momentary  pushbutton,  generates  end  of  the 

Pushbutton  and  Indicator  sequence  tape  rewinds,  if  commands  are  not 

generated  from  customer  interface. 

Momentary  pushbutton  that  causes  alternate 
actions.  First  activation  places  the  unit  on 
line,  in  which  condition  it  can  be  remotely 
selected  and  will  be  ready  if  tape  is  loaded  to 
or  past  the  load  point.  Next  activation  takes 
the  unit  off  line.  LED  indicator  is  illuminated 
when  unit  is  on  line.  A  short  time  lag  between 
closure  and  action  is  provided  to  guard  against 
accidental  operation. 

Momentary  pushbutton,  activates  reel  servos 
(tension  tape)  and  starts  load  sequence.  LED 
Indicator  is  illuminated  when  reel  servos  are 
activated  and  tape  is  tensioned.  Rishbutton  is 
disabled  when  tape  unit  is  on  line. 

Momentary  pushbutton,  activates  rewind  operation. 
Control  is  enabled  when  tape  is  tensioned  and 
unit  is  off  line.  LED  indicator  is  illuminated 
during  either  local  or  remote  rewind.  Pushbutton 
is  disabled  when  tape  unit  is  on  line. 

Write  Status  Indicator  Illuminated  when  tape  unit  is  on  line  and  write 

status  is  selected. 

Data  In  Memory  Indicator  Illuminated  when  there  are  data  in  memory  that 

have  not  been  transferred  to  tape. 

Write  Enable  Indicator  Illuminated  when  a  reel  with  a  write  enable  ring 

is  mounted  on  the  supply  (file)  hub. 


Rewind 

and  Indicator 


Load 

Rishbutton  and  Indicator 


On  line 

Pushbutton  and  Indicator 
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3.1.3 


Magnetic  Tape  Memory  Controller 

The  MTM  controller  (Figs.  3-2  and  3-3)  contains  portions  of  the  MTM 
recorder  electronics  and  provides  for  manual  control  of  the  MTM.  Power  (±12  V 
and  5  V)  for  operation  of  the  MTM  controller  is  provided  by  the  DDB.  The  DDB 
provides  a  switch  for  manual  or  DPC4  operation  of  the  MTM.  The  MTM  tape  can 
be  erased  by  using  the  controller  and  placing  the  DDB  in  a  manual  mode.  The 
function  of  each  control  is  explained  in  Table  3-2. 

Several  peculiarities  occur  in  the  operation  of  the  MTM  in  the  EPDS. 
It  is  not  possible  to  fully  erase  the  MTM  tape  automatically  because  of  the 
physical  mounting  of  the  record  and  erase  heads  in  the  MTM.  To  erase  the 
leading  12  to  15  in.  of  tape,  the  tape  must  be  manually  positioned  12  to  15 
in.  back  from  the  beginning  of  tape  (BOT)  into  the  clear  tape  area  and  then 
the  erase  mode  must  be  activated. 

In  the  reproduce  mode  (Ref.  4),  the  MTM  controller  provides  data,  a 
coherent  clock,  and  a  data-present  signal  to  the  DDB  for  formatting  to  a 
CCT.  At  the  beginning  of  a  data  block,  the  data  present  level  goes  true 
(high)  prior  to  the  first  output  clock  so  that  it  can  be  used  to  gate  on 
equipment  to  receive  data.  The  ground  recorder  needs  a  logic  zero  bit  before 
it  can  synchronize.  The  detection  of  the  end  of  a  block  is  more  difficult  to 
achieve.  Since  the  data  present  status  must  remain  true  through  tape 
dropouts,  it  is  delayed  from  going  false  approximately  8  msec  following  the 
last  valid  data  transition.  IXiring  this  period,  noise  causes  triggering  of 
the  data  detection  comparator  and  causes  spurious  clocks  and  data  to  appear  at 
the  output.  The  software  determines  the  end  of  valid  data  during  decoding. 

3.2  AEROSPACE  GROUND  SUPPORT  SYSTEM 

The  Aerospace  GSE  (Fig.  3-4)  consists  of  a  pulse  command  sequencer, 
power  supply,  dummy  loads,  TRS  80  microcomputer,  and  a  channel  selector 
probe.  The  command  sequencer  simulates  the  EPDS  command  pulses  and  timing 
sequences  to  the  signal  conditioning  unit  (SCU)  and  is  capable  of  speeding  up 
the  normal  timing  sequences.  Each  of  the  dummy  loads  mimics  a  transducer 
signal  to  the  SOJ.  The  channel  selector  probe  is  used  to  sample  each  of  the 
SCU  outputs.  By  means  of  this  GSE,  each  SCU  can  be  checked  out  without  tieing 
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Table  3-2.  Magnetic  Tape  Memory  Controller: 
Controls  and  Indicators 


Control 


Function 


REC 

Switch  and 

Indicator 

Applies  power  to  record  electronics  while 
advancing  tape. 

REPRO 
Switch  and 

Indicator 

Applies  power  to  reproduce  electronics  while 
advancing  tape.  If  data  are  present,  the  DATA 
PRESENT  Indicator  will  be  Illuminated. 

F-REV 

Switch  and 

Indicator 

Reverses  tape  direction  while  unit  is  In  REPRO 
mode.  DATA  PRESENT  Indicator  will  be  illuminated 

If  there  are  data  on  the  tape. 

STOP 

Switch  and 

Indicator 

Terminates  any  of  the  above  commands. 

FWD 

Switch  and 

Indicator 

Sets  the  recorder  to  operate  In  the  forward 
direction.  Read  track  will  be  set  to  track  1, 
record  track  will  not  be  changed.  A  REC  or  REPRO 
command  is  required  to  initiate  tape  motion. 

PAST  ENABLE 

Switch  and  L.dicator 

Causes  tape  to  move  at  high  speed  when  operating 
in  REC,  REFRO,  or  F-REV  modes. 

ERASE  ENABLE 

Switch  and  Indicator 

Permits  erasure  of  tape  in  any  mode. 

BIAS  ENABLE 

Switch  and  Indicator 

Not  functional. 

Illuminates  when  recorder  is  up  to  speed  and 
ready  to  accept,  record  data.  Valid  In  REC  mode 
only. 

READY 

Indicator 

Illuminates  when  recorder  is  up  to  speed  and 
ready  to  accept  record  data.  Valid  In  REC  mode 
only. 

BOT 

Indicator 

Illuminates  when  clear  leader  at  beginning  of 
tape  Is  sensed.  Indicator  will  not  light  in  STOP 
mode. 

EOT 

Indicator 

Illuminates  when  clear  leader  at  end  of  tape  is 
sensed. 

TRACK 

Indicator 

Designates  whether  recorder  is  In  track  1  or  2. 
Tracks  3  and  4  are  not  functional  In  this  system. 

ERROR 

Indicator 

Illuminates  when  internal  real  time  detector 
detects  an  error  in  the  reproduce  data. 

DATA  IN  and  D*  T  V  OUT  Ports 

Not  used 
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in  to  EPDS  and  its  ground  support  equipment.  The  TRS  80  microcomputer  is  used 
for  decoding  the  Kennedy  tape  during  the  ground  qualification  tests. 

3.2.1  Pulse  Command  Sequencer 

The  pulse  command  sequencer  is  located  in  a  separate  ground  enclo¬ 
sure  (Fig.  3-5).  Its  one  output  plug  connects  to  the  SCU  socket  J2.  The  func¬ 
tional  block  diagram  for  the  pulse  command  circuitry  is  shown  in  Fig.  3-6. 

The  decision  enable  (DEC  ENA)  pulse  to  turn  on  the  SCU  is  a  resettable  one- 
shot,  triggered  either  by  the  internal  10-Hz  oscillator  or  by  an  external 
pushbutton  switch.  The  pulse  is  30  msec  wide,  as  is  that  of  the  EPDS,  and 
repeats  every  3.5  (or  5)  min.  After  the  normal  20-sec  SCU  warmup,  the  se¬ 
quencer  receives  the  decision  (DEC)  pulse  from  the  SCU.  In  the  internal  mode, 
this  pulse  is  fed  back  to  the  SCU  as  an  enable  (EBL)  pulse.  After  a  5-sec 
delay,  a  30-msec  decision  disable  (DEC  DBL)  pulse  turns  the  SCU  off.  In  the 
external  mode,  no  EBL  pulse  is  sent.  The  SCU  is  shut  down  either  by  the  SCU 
internal  40-sec  timer,  or  by  externally  triggering  the  DEC  DBL  pulse. 

3.2.2  Load  Simulator 

In  Table  3-3  are  listed  the  different  transducers,  the  dummy  load 
substituted,  and  the  data  simulated.  The  data  points  are  typical  values  that 
would  be  obtained  from  the  transducers  during  the  mission.  These  dummy  loads, 
which  are  located  in  a  separate  ground  support  enclosure  (Fig.  3-7),  connect 
to  the  SCU  input  ports  as  detailed  in  the  wire  lists  for  plugs  P3,  P4,  P5,  and 
P6.  A  current  of  160  mA  to  simulate  a  1-sun  reading  from  each  solar  cell  must 
be  provided  from  an  external  current  supply  to  each  of  the  six  solar  cell  in¬ 
puts  located  on  the  dummy  load  box.  The  strain  level  from  zero  to  2000  micro¬ 
strains  is  selected  by  a  switch  on  the  box.  A  dummy  load  that  mimics  this 
level  is  applied  to  only  one  of  the  20  strain  gauge  amplifiers.  A  separate 
switch  is  used  to  indicate  which  amplifier  is  activated.  Digital  bits  1  to  10 
from  the  Boeing  experiment  can  be  placed  in  either  a  high  or  a  low  state  for 
simulation  tests.  The  EPDS/SCU  switch  provides  the  option  of  using  either  the 
EPDS  or  the  SCU  for  power. 


1 
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Fig.  3-6.  Pulse  Command  Sequencer  Functional  Block  Diagram 


Table  3-3.  SCU  Loads  Simulated 


Transducer 

Dummy  Load 

Data  Simulated 

Wide  range  thermistors 

10  K0  1% 

25°C 

Composite  thermistors 

15  K0 

15°C 

Low  range  thermistors 

300  Kfl 

-59°C 

High  range  thermistors 

10  Kfi 

+52  °C 

Strain  gauge 

1  K«  (±0.02%  at  25°C) 

1  Kfl  shunted  with  999  KH 

1  K0  shunted  with  499.5  K 0 

1  K0  shunted  with  333  Kfi 

1  K0  shunted  with  249  Kit 

0  pstrain  at  25°C 
500  pstraln 

1000  ustrain 

1500  pstrain 

2000  pstraln 

Solar  cell 

160  mA 

One  sun 

Fiber  optic  digital 

+  5  V 

Logic  high 

Quartz  crystal  monitor 

+  5  V 

Logic  high 
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ig.  3-8.  Channel  Selector  Probe 
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3.2.3 


Channel  Selector  Probe 


The  SCU  outputs  can  be  read  with  a  channel  selector  probe  (Fig.  3-8) 
during  each  DEC  EM  cycle  of  the  pulse  command  sequencer.  This  probe  has  only 
one  connector  plug  and  must  be  inserted  in  each  one  of  the  four  output  sockets 
(J7,  J8,  J9,  or  J10).  Each  connector  pin  pair  (signal  channel)  must  be  read 
out  separately.  A  24  position  rotatory  switch  is  used  to  dictate  which  of  the 
24  pairs  is  to  be  read.  A  separate  toggle  switch  must  be  used  to  sample  the 
output  from  the  twenty-fifth  pair.  The  output  from  this  probe  is  fed  to  a 
digital  voltmeter.  The  output  from  each  pin  and  socket  is  then  compared  to 
the  output  wire  lists  of  J7,  J8,  J9,  and  J10. 

3.2.4  Power  Supply 

The  power  supply  shares  and  powers  the  same  enclosure  as  the  command 
sequencer.  The  four  meters  across  the  top  provide  for  measuring  the  ±12-V 
power  supply  voltages  and  currents.  Our rent  loops  are  provided  in  series  with 
each  supply  to  permit  the  monitoring  of  transient  currents  with  an  oscillo¬ 
scope.  Each  supply  is  fused  separately.  When  the  BYPASS  switch  on  the  right 
front  panel  is  set  to  the  Internal  position,  this  supply  provides  ±12  V  power 
to  the  SCU.  No  EPDS  GSE  or  external  batteries  are  needed,  hr  this  mode,  plug 
J12  on  the  power  supply  connects  directly  to  J1  on  the  SCU.  If  the  EPDS  GSE 
is  used  with  the  SCU,  the  DDB  provides  the  +12-V  power  and  the  Aerospace  power 
supply  provides  the  -12-V  power  to  the  SCU.  The  DDB  does  not  have  a  -12-V 
source.  In  this  mode,  the  BYPASS  switch  is  set  to  the  external  or  GSE  posi¬ 
tion,  the  GSE  cable  from  P3  is  routed  to  P751A  on  the  supply,  and  a  cable  from 
S751A  with  the  needed  -12  V  for  the  SCU  is  connected  to  the  EPDS  plug  751, 
which  in  turn  routes  power  through  a  different  cable  to  the  SCU  power  input 
plug  PI.  Connector  J12  on  the  power  supply  is  not  used  in  this  situation. 


4.  TEST  PIANS 


Preflight  tests  of  the  signal  conditioning  unit  (SCU)  at  the  box 
level  and  at  the  system  level  will  be  made  to  calibrate  the  units  and  to 
verify  the  reliability  of  the  instrument  package  for  this  LDEF  flight.  The 
proposed  test  plan  is  outlined  in  Fig.  4-1. 

Many  of  the  proposed  tests,  i.e.,  the  flight  level  system  checkouts, 
are  repeated  many  times  to  verify  a  proper  system  operation.  The  vibration 
flight  acceptance  test  and  the  thermal-vacuum  qualification  test,  however, 
need  be  performed  only  once.  The  order  and  the  number  of  repeated  tests  may 
change,  whereas  the  sequence  of  one-time  system  checkouts  is  not  likely  to 
change. 

The  test  plan  progress  is  from  the  box  level  checkout  of  the  flight 
instrumentation  to  a  full-up  flight  system  test  after  installation  on  the 
LDEF.  System  checkouts  are  proposed  before  and  after  each  qualifying  test, 
each  storage  period,  and  each  shipment  to  NASA  facilities.  NASA  is 
responsible  only  for  the  vibration  flight  acceptance  test;  Aerospace  is 
responsible  for  all  other  tests.  The  flight  electronics  tests  will 
incorporate  simulated  loads  for  the  preliminary  tests  until  the  actual 
transducers  are  mounted  in  the  trays.  In  later  electronics  tests,  the  actual 
flight  transducer  will  be  used  in  the  trays. 

4.1  BOX  LEVEL  TESTS,  SIGNAL  CONDITIONING  UNIT 

4.1.1  Checkout  of  SCU  Electronic  Functions 

For  these  tests,  the  experimenter  connects  the  Aerospace  ground 
support  equipment  (GSE)  to  the  SCU  as  shown  in  Fig.  4-2.  The  dummy  loads 
described  in  Section  3.2.2  simulate  signals  from  the  transducers  to  the  four 
SCU  input  connectors  P3,  P4,  P5,  and  P6.  The  pulse  command  sequencer  and 
power  supply  provide  the  necessary  commands  and  power  to  connectors  J2  and 
PI.  The  power  supply  is  operated  with  the  BYPASS  switch  in  the  internal 
position.  The  output  signals  from  the  SCU  during  each  ON  cycle  are  read  by 
inserting  the  channel  selector  probe  into  each  output  port  (J7,  J8,  J9,  and 
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J10)  and  manually  switching  the  selector  position  to  each  of  the  connector  pin 
pairs  that  constitutes  a  signal  channel.  The  digital  voltmeters  measure  the 
signal  voltage  across  each  of  these  pairs. 

The  minimum  and  maximum  allowable  electrical  signals  are  listed  in 
Table  4-1  for  the  command  signals,  SCU  regulators,  and  input  power.  A  1% 
accuracy  in  the  analog  measurements  is  desired  for  this  mission.  Therefore, 
the  measured  analog  outputs  in  the  checkouts  should  not  deviate  more  than  1% 
from  those  listed  in  the  output  wire  lists.  The  measurement  obtained  from  the 
strain  gauges  must  compensate  for  the  thermal  drift  of  each  amplifier.  Thermal 
drift  of  each  amplifier  over  the  mission  temperature  range  (-20  to  60° C)  will 
be  measured  at  this  checkout  stage. 

4.1.2  Vibration  Qualification  Test 

Vibration  tests  are  performed  to  identify  the  response  frequency  of 
the  SCU  and  to  demonstrate  its  structural  integrity  when  exposed  to  a  qualifi¬ 
cation  level  test  environment.  The  adverse  environment  tests  have  already 
been  performed  on  the  experiment  power  and  data  system  (EPDS).  The  SCU  test 
will  be  conducted  while  it  is  not  activated. 

The  vibration  test  will  follow  a  procedure  similiar  to  that  for  the 
LDEF  experimental  trays  (Ref. 5).  The  probable  order  of  testing  for  each  of 
the  three  orthogonal  axes  is  a  sine  survey,  sine  qualification,  and  random 
qualification  vibration.  The  sine  survey  is  a  low-level  sweep  from  5  to  2000 
Hz  at  two  octaves/min  to  permit  the  frequency  responses  to  be  identified.  The 
input  excitation  cannot  exceed  0.5  g  zero  to  peak.  After  the  sine  survey,  the 
sine  qualification  test  is  applied  following  the  specifications  of  Table  4-2. 

The  last  vibration  test  per  axis  is  a  qualification  random  vibration 
with  a  power  spectral  density  within  ±3  dB  of  the  frequency  shown  in  Fig.  4-3. 
The  attenuation  below  10  Hz  and  above  1600  Hz  should  be  greater  than  24 
dB/octave.  The  less  demanding  sine  and  rai  Jom  flight  acceptance  tests  for 
each  axis  will  be  completed  later  by  NASA. 
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Table  4-1.  Signal  Conditioning  Electronic  Control  Unit 


Parameter 

Requirement 

Min  Max 

Actual 

Measurements 
at  +25° C 

Input  voltage  (Pos) 

+12.0  V 

+15.0  V 

13.5  V 

Input  voltage  (Neg) 

-12.0  V 

-15.0  V 

13.5  V 

Positive  input  power 

0 

200  mA 

170  mA 

Standby 

0 

0.3  mA 

0.3  mA 

Negative  input  power 

0 

200  mA 

130  mA 

Standby 

0 

0 

0 

+5  V  I  regulator 

4.95  V 

5.05  V 

5.005 

+5  V  II  regulator 

4.95  V 

5.05  V 

5.003 

-5  V  III  regulator 

4.90  V 

5.10  V 

5.055 

DEC  ENA  pulse 

15  msec 

40  msec 

DEC  DBL  pulse 

15  msec 

40  msec 

Power  up  time 
(+12  V  and  -12  V) 

40  sec 

80  sec 

K1  relay  ON 

DEC  level  high 

7.0  V 

8.4  V 

7.65  V 

Delayed  time 

20  sec 

30  sec 

22  sec 

DEC-DBL  shut  down 

Time  K2  relay  ON 

10  msec 

30  msec 

EBL  level 

4.5  V 

8.5  V 

EBL  pulse  delay 

20  Bee 

30  sec 

22  sec 

Table  4-2.  Sine  Qualification  Testing  Specification* 


Input  Amplitude  Frequency  Range  (Hz)  Sweep  Rate 


0.75- 

-in. double  amplitude 

5-14 

2 

oct/min 

±7.5 

g 

14-20 

2 

oct/min 

±1.5 

g 

20-35 

2 

oct/min 

*From  Ref.  2. 

4.2  FLIGHT  SYSTEM  LEVEL  TESTS 

The  preliminary  flight  system  checkouts  on  the  ground  will  require 
use  of  simulated  loads  for  the  transducers,  external  power  and  ground  support 
equipment  for  controlling  the  flight  electronics  (Figs.  4-4  and  4-5).  After 
assembly  of  the  LDEF  trays,  the  flight  system  will  be  checked  out  using  the 
actual  flight  transducers,  powered  by  internal  batteries,  with  the  flight 
electronics  under  EPDS  control  (Fig.  4-6). 

Some  tests  of  the  flight  system  need  be  made  only  once,  i.e.,  check 
of  EPDS  general  programming  features.  Other  tests  must  be  performed  periodi¬ 
cally  regardless  of  the  test  schedule,  i.e.,  the  exercising  of  the  magnetic 
tape  memory  (MTM)  every  6  months.  A  preliminary  test  of  the  EPDS  programming 
in  the  first  flight  system  checkout  verified  that  actual  EPDS  programming 
matches  exactly  the  programming  format  (Tables  2-1  and  2-2)  we  requested  from 
NASA.  The  Lockheed  MTM  must  be  exercised  every  6  months  to  prevent  the 
magnetic  tape  from  taking  a  set.  This  procedure  entails  advancing  the  tape  in 
the  fast  mode  from  l  'ginning  to  end  of  tape  and  then  reversing  direction, 
stopping  when  the  beginning  of  tape  is  reached. 

4.2.1  Flight  System  Functional  Test  Procedure 

The  following  procedures  are  to  be  followed  for  the  flight  system 
functional  test. 

4.2. 1.1  Component  Interconnection 

When  using  the  GSE  equipment  for  flight  system  tests,  connect  all 
components  as  shown  in  Figs.  4-4  and  4-5  using  the  same  simulated  loads  as  in 
the  SCU  box  level  tests.  Battery  power  is  optional.  The  actual  connections 
of  the  flight  system  as  the  experiment  would  fly  are  shown  in  Fig.  4-6. 
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Fig.  4-3.  Random  Vibration  Conditions  for  Developmental  and 

Qualification  Tests  (From  NASA  Flight  Qualification 
Specification,  Ref.  2) 


BATTERY 


Fig.  4-4.  Flight  System  Interconnections 
Simulated  Loads/GSE 


Fig.  4-5.  Ground  Support  Equipment  Interconnections 


Fig.  4-6.  Flight  System  Interconnections 
Transducers /Batteries 


4. 2. 1.2  Standby  Mode 


A.  Initialize  Circuits.  Initialize  all  circuits  before  turning  GSE 

power  ON. 

DDB 

Control  Power 

•  EPDS  ac  power  OFF 

•  dt  12  V  EPDS  OFF 

•  ±  12  V  Exper  OFF 

•  Select  EPDS  power  Ext.  EPDS  (no  batteries  used) 

•  CONI  HI 


•  CT 


LOW 


•  C0N2 

•  DPCA 

•  OCTAL/DEC 

•  ALL  DATA/SEL  WORD 

SD  GSE 

Control 

•  ac  power 

•  BYPASS 


PROG 

MANUAL  (MTM  control) 
DEC 

ALL  DATA 

Position 

OFF 

EXT 
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B 


GSE  Power  Turnon.  After  initializing,  turn  on  the  GSE  power 

DDB 


Control 

Position 

Results 

• 

ac  power 

ON 

Power  Bulb  ON 

i. 

Reset  LED  ON 

Printer  ON 

Random  DPCA  Data  Word 

-7.5  V  on  7.5-V  meter 

* 

±  12  V  on  12-V  meter 

• 

-7.5  V  EPDS 

ON 

~  580  pA  of  standby  current 

• 

-12  V  EPDS 

ON 

~  300  pA  of  standby  current 
using  current  probe 

4 

• 

-7.5  V  Exper 

ON 

• 

-12  V  Exper 

ON 

■vi 

• 

RESET  printer  momentary  ON 

'  'V 

SD  GSE 

\ 

• 

ac  power 

ON 

Meter  voltage  ±  13  V 
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C.  Position  MTM  Tape.  While  in  the  standby  mode,  reposition  a  clean 

MTM  tape  to  the  start  position  with  the  MTM  controller  before  taking  or 
playing  back  any  data. 

•  Set  in  Manual.  The  DDB  DPCA/MANUAL  switch  must  be  in  the  MANUAL 
position  for  the  MTM  controller  to  operate  the  tape. 

•  Rewind  Tape.  Depress  F-REV  switch  and  permit  tape  to  run  back  to 
BOT.  The  F-REV,  REPRO,  TRACK  1,  and  possibly  DATA  PRESENT  LEDs  will 
be  active  while  the  tape  rewinds. 

•  Tape  Advance.  Press  FWD  and  REPRO  switches  to  advance  the  tape  for 
a  period  2  min  longer  than  the  recording  time  needed.  Push  STOP 
switch.  The  tape  will  have  advanced  on  TRACK  1. 

•  Erase  Tape.  Set  ERASE  ENABLE  switch  to  ON.  Actuate  F-REV  switch  to 
erase  the  tape  until  the  BOT,  or  stop  when  the  starting  point  is 
reached.  Turn  ERASE  ENABLE  off. 

•  Advance  to  Start  Position.  Actuate  FWD  and  REC  switches  to  advance 
tape  for  1  min  to  ensure  the  tape  is  not  in  any  worn  area  near  the 
BOT.  Push  the  STOP  switch. 

•  Ready .  An  erased  tape  section  is  now  ready  for  a  data  run.  The  run 
time  must  be  less  chan  2  min  of  the  erase  time. 

4.2. 1.3  Operating  Modes 

The  flight  system  is  now  ready  to  operate.  The  sequences  of  the 
three  basic  operating  modes  are: 

A.  Data  Acquisition.  Acquire  data  from  experiments,  store  the 

information  on  the  MTM  tape,  and  monitor  data  channels  with  the  DDB. 

•  DPCA.  The  DDB  DPCA/MANUAL  switch  must  be  in  the  DPCA  position  to 
transfer  data  to  MTM  tape. 

•  INITIATE  SET.  Send  an  INITIATE  SET  command  from  the  DDB,  performed 
by  the  shuttle  at  payload  separation,  to  place  EPDS  in  the  pro¬ 
grammed,  repetitive,  accelerated  test  mode,  operating  on  GSE  power. 
After  a  wait  of  3  min,  the  DPCA  and  SCU  will  power  up  and  place  data 
on  the  MTM  tape  every  scan.  The  printer  will  have  time  to  print 
only  five  sequential  data  channels  each  scan.  Data  channels  can 
also  be  read  using  the  SEL  WORD  command  and  thumbwheels  to  select 
the  data  channel  to  be  printed.  The  READY,  FWD,  REC,  and  TRACK  1 
LEDs  on  the  MTM  controller  and  the  GSE  ammeters  should  indicate 
activity.  When  the  data  run  is  complete,  place  the  system  on 
standby. 
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•  Standby.  Reset  the  INITIATE  switch  to  place  system  o*  “andby. 

•  Rewind  MTM  TAPE.  Place  the  DPCA/MANUAL  switch  to  MANUAL.  and  rewind 
the  MTM  tape  until  BOT.  Run  forward  in  REC  mode  50  sec  and  STOP. 

•  Ready.  An  encoded  tape  section  is  now  ready  for  transfer  to  a 
computer  compatible  tape. 

B.  Data  Transfer.  Transfer  the  MTM  tape  contents  onto  a  computer 
compatible  tape. 

•  Set  in  MANUAL.  The  DDB  DPCA/MANUAL  switch  must  be  in  the  MANUAL 
position  during  the  data  transfer. 

•  Mount  CCT.  Mount  on  the  Kennedy  recorder  a  computer  compatible  tape 
with  a  Write  Enable  ring. 

•  ON.  Turn  the  Kennedy  recorder  power  ON.  WRITE  ENABLE  will  light. 

•  Rewind  CCT  to  BOT. 

•  WRITE.  Set  READ/ WRITE  enable  switch  to  WRITE. 

•  LOAD  Tape.  LOAD  will  light. 

•  ON  LINE.  Place  recorder  ON  LINE.  WRITE  STATUS  will  light. 

SYSTEM  READY  FOR  TRANSFER 

•  Transfer.  Press  REPRO  and  FWD  switches  on  MTM  controller  to  start 
transfer.  DATA  PRESENT  on  controller  and  DATA  IN  MEMORY  on  recorder 
should  Indicate  transfer  activity.  The  recorder  will  transfer  data 
and  stop  the  CCT  only  when  data  are  present  on  the  MTM  tape.  When 
data  transfer  is  completed,  the  recorder  will  stop  stepping  and  the 
DATA  PRESENT  LED  will  extinguish. 

•  STOP.  When  transfer  is  complete,  stop  the  MTM  tape  from  advancing 
further  by  using  the  STOP  command  on  the  MTM  controller. 

•  Rewind  CCT  to  BOT. 

C.  Data  Transcription.  Computer  transcription  of  the  CCT. 

•  REAP.  Switch  the  READ/WRITE  switch  on  the  Kennedy  recorder  to  READ. 

•  LOAD  TAPE. 
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ON  LINE.  Place  recorder  ON  LINE.  DATA  MEMORY  will  extinguish 


•  Transcribe.  The  system  is  now  ready  to  be  transcribed  by  the  TRS  80 
microcomputer.  Follow  the  instructions  in  Appendix  B. 

4.2. 1.4  Flight  Data 

The  retrieved  flight  tape  will  be  transcribed  by  the  same  procedure 
as  that  described  in  Section  4. 2. 1.3,  except  that  a  full-size  computer  will 
replace  the  TRS  80  and  process  the  data  directly  from  the  CCT. 

4.2.2  Thermal-Vacuum  Qualification  Test 

Each  LDEF  data  recording  network  will  be  evaluated  while  the  SCU  is 
exposed  to  three  cycles  of  thermal-vacuum  stress  (Fig.  4-7).  The  cycle 

consists  of  a  ramp  down  from  ambient  to  -20° C  ±  a  tamp  up  to  +60° C 

5  3 

±  q,  and  a  ramp  down  to  ambient.  Functional  tests  during  each  cycle  will  be 

made  during  the  periodic  stabilizations  at  -20,  0,  +20,  +40,  and  +60° C.  The 

ramp  AV/AT  must  not  exceed  100°F/hr.  The  EPOS  package  has  passed  a  similar 

thermal  stress  given  test  by  NASA.  The  interconnection  of  the  component  and 

test  measurements  are  the  same  as  for  the  flight  system  checkout  (Section 

4.2.1).  TVo  cable  adapter  fixtures  are  needed  for  operating  with  our  test 

chamber.  The  only  additional  parameter  to  measure  will  be  operating 

temperature.  Care  must  be  taken  to  stay  within  the  temperature  range  and  rate 

assigned. 
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SYMBOLS 


A 

Aerospace 

A/D 

analog- to-digital 

AFAL 

Air  Force  Avionics  Laboratory 

AFAPL 

Air  Force  Aero-Propulsion  Laboratory 

AFFDL 

Air  Force  Flight  Dynamics  Laboratory 

AFML 

Air  Force  Materials  Laboratory 

BOT 

beginning  of  tape 

CCT 

computer  conpatible  tape 

CMOS 

complementary  metal  oxide  semiconductor 

CONI 

control  line  no.  1 

DDB 

data  display  box 

DEC 

decision  pulse 

DEC  DBL 

decision  disable  pulse 

DEC  ENA 

decision  enable  pulse 

DPCA 

data  processor  controller  assembly 

EBL 

enable  pulse 

EPDS 

equipment  power  and  data  system 

GSE 

ground  support  equipment 

HIT 

high-temperature  thermistor 

IRST 

initial  reset 

LDEF 

Long  Duration  Exposure  Facility 

LTT 

low-temperature  thermistor 

MDAC 

McDonnell  Douglas  Astronautics  Co. 

HfcCSiilWU  f«0&  biMUMtOV  FlLnikU 
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MTM  magnetic  tape  memory 

NASA  National  Aeronautics  and  Space  Administration 

QCM  quartz  crystal  monitor 

RAM  random  access  memory 

SCPM  solar  cell  package  module 

SCU  signal  conditioning  unit 

SD  Space  Division 

WRT  wide  range  thermistor 

YSI  Yellow  Springs  Instrument 
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APPENDIX  A 


SAMPLES,  TRANSDUCERS,  AND  TRAYS 


Various  locations  within  each  tray  are  instrumented  for  temperature 
monitoring,  because  there  are  not  enough  analog  channels  to  permit  the  tem¬ 
perature  of  each  experimenter's  sample  to  be  monitored  directly.  In  this 
appendix,  the  locations  of  the  transducers  within  the  trays  and  the  analog 
channels  that  record  their  data  are  identified.  This  list  permits  rapid 
identification  of  the  data  channel  of  the  temperature  monitoring  point  nearest 
to  a  given  sample. 
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A  T3  III  #6  WRT  Sample  Tray,  Bottom  Surface 
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THREE  INCH  TRAY  LEAPING  EDGE 
SAM  SC  6C2 


3  in.  Tray,  Trailing  Edge 


Bottom  surface  of  cover  plate 
On  sample 

Mid-vertical  surface  of  base 

All  locations  not  noted  have  thermistor  bonded  to  the  bottom  surface  of  the  sample  plate 
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6  in.  Tray,  Leading  Edge 


TRAY  ID 


2"  i 

2"  . '  No.  5  HTT*  1,1 
r  *3"  No.  13  WRT*** 


No.  1-No.  4  WRT** 


No.  5  ITT* 
.2" 
2" 


t - rx 

3.5';VI 
No.  6  HTT  1" 


CD  (ZD  CD  ,v 


No.  18  WRT 
No.  19  WRT 


No.  15  WRT 

No.  14  WRT** 
1"  No.  6  LTT 
^  *1.5" 


I 

J 


NOTES: 

*  Bottom  surface  of  cover  plate 
**  On  sample 

***  Mid-vertical  surface  of  base 

•  All  locations  not  noted  have  thermistor  bonded  to  the  bottom  surface  of  the  sample  plate 
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APPENDIX  B 


HARDWARE  AND  SOFTWARE  FOR  CHECKOUT  OF  LDEF  DATA  RECORDING  SYSTEM 


Prepared  by 

P.  Schall  and  W.  C.  Burns 
Materials  Sciences  Laboratory 


The  in-flight  data  collected  for  the  LDEF  Spacecraft  Materials 
Experiment  will  be  processed  and  stored  in  the  EPDS,  purchased  from  NASA.  For 
these  data  to  be  retrieved,  the  tape  record  stored  in  EPDS  must  be  transcribed 
onto  a  CCT  by  means  of  NASA-furnished  GSE.  Portable  equipment  for  reading  out 
the  CCT  record  is  needed  to  facilitate  preflight  checkout  of  the  data  record¬ 
ing  system;  therefore,  a  Radio  Shack  TRS-80  microcomputer  was  interfaced  with 
the  CCT  recorder  and  a  computer  program  was  written  to  process  the  data.  The 
hardware  and  software  developed  for  this  program  are  described  herein. 
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INTRODUCTION  AND  BACKGROUND 


The  in-flight  data  collection  system  for  the  Spacecraft  Materials 
Experiment  to  be  flown  in  the  Long  Duration  Exposure  Facility,  LDEF,  is 
comprised  of  various  data  sensors  (thermistors,  strain  gauges,  etc.),  a 
Signal  Conditioning  Unit,  SCU,  and  an  Experiment  Power  and  Data  System. 
Two  such  systems  wall  be  used;  one  on  the  leading  edge  and  one  on  the 
trailing  edge  segments  of  the  experiment. 


The  EPDS  has  a  capacity  of  processing  and  recording  information 
from  20  digital  and  64  analog  data  channels.  The  system  can  be  user 
programmed  to  provide  the  desired  timing  for  data  collection  and  the  binary 
word  length  to  be  used  in  the  A  to  D  conversion  of  the  analog  data.  The 
selected  word  length  is  also  applied  to  the  formatting  of  the  Synch  code  and 
time  signal  which  procedes  each  scan  of  the  data  cnannels.  The  following 
description  applies  tc  the  specific  user  programming  of  the  EPDS  units  for 
this  experiment.  The  Synch  code,  comprised  of  24  bits  of  code,  plus  6 
filler  bits  is  treated  as  three  10-bit  words.  The  Synch  code  identifies  the 
onset  of  a  data  scan,  the  specific  experiment  and  the  location  of  the  data 
system  (leading  or  trailing  edge).  .  This  is  followed  by  a  24-bit  binary  time 
code  plus  6  filler  bits  formatted  as  three  10-bit  words.  The  data  follows  in 
sequence  as  two  10-bit  words  corresponding  to  the  20  parallel  digital  data 
channels  and  64  words  of  digitized  analog  data.  Each  scan  therefore  consists 
of  72  urords.  Data  is  collected  in  a  burst  of  5  consecutive  scans  totaling 
3600  bits  which  are  stored  in  a  4  K  buffer  memory.  At  the  conclusion  of  a 
5  scan  burst  the  buffer  memory  is  dumped  to  a  Lockheed  Mark  V  Type  4200 
single-track  tape  recorder.  A  total  of  32  buffer  dumps,  equally  spaced  in 
time  over  a  total  time  slightly  longer  than  one  orbital  period,  and  are 
recorded  at  approximately  4  day  intervals  during  the  flight.  The  flight  re¬ 
corder  track  consists  of  blocks  of  3600  bits  of  real  information  interspersed 
wdth  noise  bits  recorded  when  the  tape  comes  up  to  speed  before  each  buffer 
dump  and  filler  bits  corresponding  to  the  buffer  memory  capacity  less  3600. 

Information  is  retrieved  from  the  EPDS  recorder  by  transcribing, 
using  Ground  Support  Equipment,  GSE,  to  a  Kennedy  Model  9800  Computer 
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Compatible  Tape  (CCD  recorder.  The  CCT  stores  the  information  as 
8-bit  characters  that  bear  no  fixed  phase  relationship  to  the  original  10- 
bit  data  words.  The  CCT  record  must  be  searched  for  the  Synch  code  and 
the  time  and  data  words  must  be  reconstructed  and  converted  to  useful 
form.  The  actual  flight  tapes  will  be  processed  on  a  large  computer  to 
analyze  and  massage  the  data  and  present  results  in  appropriate  formats. 
However,  during  the  preflight  phase  of  the  experiment  there  is  a  need  for 
portable  hardware  that  can  be  used  to  check  out  system  performance  at 
Aerospace  during  assembly,  at  LaRC  before  and  after  flight  acceptance 
tests,  and  at  KSC  during  prelaunch  testing.  This  report  describes  the 
hardware  and  software  assembled  to  fill  this  requirement. 

HARDWARE  DESCRIPTION 

A  TRS-80  Model  I,  Level  II  microcomputer  was  interfaced  with  the 
CCT  recorder  via  a  S100  bus.  The  interface  wiring  diagram  is  shown  in 
Figure  1.  Communication  between  the  TRS-80  and  the  CCT  requires  only 
a  rather  straight  forward  handshake  procedure.  The  read  data  available, 

RDA,  line  from  the  CCT,  when  in  the  true  state,  indicates  that  data  is 
available  in  the  CCT  buffer  memory.  The  state  of  RDA  is  ascertained  by 
latching  the  state  into  the  S100  bus  by  a  software  pulse  from  the  TRS-80  out 
of  Port  2  and  examining  the  input  from  Port  1  (RDA  true  =  Port  1  level 
of  253).  A  CCT  character  is  made  available  for  extraction  by  sending  a 
readout  one  character,  ROOC,  pulse  to  the  CCT.  The  character  may  be 
latched  at  the  S100  bus  using  either  a  software  Btrobe  or  the  read  data  strobe, 
RDS,  pulse  generated  by  the  CCT  following  receipt  of  an  ROOC  pulse.  The 
circuit  shown  in  Figure  1  has  provisions  for  both  methods  of  strobing  but 
the  RDS  is  actually  used  for  normal  operation.  However,  the  software 
strobe  line  is  used  at  the  start  of  the  readout  to  initialize  the  line  in  a  high 
state  since  the  RDS  is  a  downward  going  pulse.  The  CCT  8-bit  characters 
are  latched  at  Port  0  of  the  S100  from  which  they  are  retrieved  by  the 
TRS-80  for  processing. 

Initial  attempts  at  operating  the  system  resulted  in  loss  of  either  the 
first  or  last  character  from  each  CCT  buffer  (512-character)  load  depending 
on  the  specific  handshake  sequence  used.  After  expenditure  of  considerable 
effort  the  source  of  the  problem  was  finally  identified,  with  the  assistance  of 
Kennedy  Service  Personnel.  The  ROOC  pulse,  as  produced  by  the  TRS-80, 
was  about  3  msec  long.  During  a  change  of  CCT  buffer  loads  the  RDA  changes 
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from  true  to  false  and  back  to  true.  Due  to  peculiarities  of  the  CCT  circuit, 
if  RDA  pulse  occurs  during  an  ROOC  pulse  the  buffer  pointer  is  indexed  one 
extra  position  resulitng  in  loss  of  a  character.  The  problem  was  solved  by- 
shortening  the  ROOC  pulse  with  an  monostable  multivibrator  circuit  installed 
in  the  line  between  the  S100  bus  and  the  CCT.  This  reduced  the  ROOC  pulse 
length  to»>  l  sec  and  prevented  overlap  with  the  RDA  pulse.  Other  compo- 
nents  in  the  ROOC  line,  shown  in  Figure  1,  increase  the  available  current 
drain  on  the  line.  Without  these  components  the  available  current  was  margi- 
nal  in  meeting  the  CCT  operation  requirements. 

SOFTWARE  DESCRIPTION 

Computer  programs  to  read  the  CCT  tape  were  written  in  Radio  Shack 
Level  II  basic.  The  initial  program  contained  many  diagnostic  features  to 
aid  in  debugging  and  inspection  of  intermediate  results.  This  program  was 
called  "LDEF  Conversion",  LC.  Later  a  faster  running  version  called  "LDEF 
Tape  Read",  LTR,  was  written  to  take  advantage  of  the  fact  the  EPDS  buffer 
filler  bits  were  generally  all  "1"  and  the  noise  bits  recorded  during  EPDS  tape 
startup  were  generally  a]lnO".  Since  this  garbage  comprised  about  one-half 
of  the  information  on  the  tape  processing  time  could  be  reduced  by  about  50% 
by  not  searching  through  it  for  the  Synch  code.  Instead  the  garbage  was  re¬ 
jected  quickly  on  the  basis  of  its  own  characteristics.  Also  the  diagnostic 
features  contained  in  LC  were  deleted  in  LTR. 

In  the  following  paragraphs  the  final  program,  LTR,  will  be  described 
first.  Then  the  additional  features  available  in  LC  will  be  discussed. 

General  Approach 

The  LTR  program  sequentially  searches  for  the  Synch  code,  locates 
the  time  code  and  converts  to  days,  hours,  minutes  and  seconds,  reconstructs 
the  10-bit  data  words  and  converts  these  words,  which  are  data  <-  <  -  'fixation 
numbers  to  appropriate  data  values  for  each  data  channel.  The  p?.  is 

repeated  until  all  data  blocks  on  the  CCT  are  processed  or  until  terminated 
manually.  In  the  present  version  quantitization  numbers  for  analog  data 
channels  are  converted  to  the  original  signal  voltages.  Conversion  to  the 
basic  data  such  as  temperature,  strain,  etc.  could  be  provided  by  addition 
of  appropriate  subroutines  if  desired.  However  the  present  format  is  con¬ 
sidered  adequate  for  preflight  experiment  checkout.  The  additional  capa¬ 
bilities  for  massaging  the  data  will  be  incorporated  into  programs  for  analysis 
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of  the  actual  flight  data. 

The  LTR  program  functions  by  constructing  a  string  variable  from 
the  CCT  8-bit  characters.  This  string  is  maintained  at  a  minimum  length 
of  40-bits  during  Synch  code  search  and  processing  of  the  time  code,  and  a 
minimum  of  11 -bits  during  processing  of  data  words.  This  is  implemented 
by  discarding  bits  from  the  left  end  that  have  been  processed  and  adding  CCT 
characters  to  che  right  end.  The  initial  string  is  constructed  of  the  first  5 
characters  of  the  CCT  record.  This  string  is  searched  to  determine  whether 
it  contains  the  Synch  code.  If  not  the  string  is  regenerated  by  calling  addi¬ 
tional  CCT  characters  and  re-examined  until  the  Synch  code  is.  found.  At 
this  point  the  Synch  code  and  trailing  6  filler  bits  are  discarded  and  the  time 
code  is  identified  and  converted.  Then  the  data  channels  are  processed  and 
search  for  the  next  Synch  code  is  resumed. 

Computer  output  to  both  a  line  printer  and  CRT  is  provided  and  connec¬ 
tion  to  both  are  required  for  the  program  to  run.  The  hard  copy  format  is 
(1)  time  at  which  data  set  was  recorded  and  cumulative  number  of  8-bit  byte6 
retrieved  from  the  CCT  at  that  time  and  (2)  tabulation  of  data  channel  numbers 
and  corresponding  data  values.  Data  channel  numbers  are  7  through  72  in¬ 
clusive;  numbers  1  through  6  having  been  assigned  to  the  6  words  containing 
the  Synch  and  time  codes.  The  cumulative  count  printed  after  each  time 
output  serves  as  a  benchmark  to  check  that  no  CCT  bytes  have  been  missed 
in  each  sequence  of  5  data  scans.  The  byte  count  Bhould  increment  by  90 
(90  x  8  =  720  bits  *  72  ten  bit  words)  between  consecutive  data  scans  in  the 
sequence.  In  addition,  "BUFFER  CHANGE  TOTAL  BYTES  =  XXX"  is 
printed  at  each  point  at  which  the  software  byte  counter  indicates  that  a  CCT 
buffer  reload  should  have  occurred.  Visual  confirmation  that  this  printout 
coincides  with  an  actual  buffer  reload  (tape  movement)  provides  additional 
evidence  that  all  bytes  have  indeed  been  retrieved.  As  mentioned  earlier, 
the  program  can  be  run  in  a  time  only  mode,  in  which  case  the  data  channel 
signal  values  are  not  processed  or  printed  out. 

Outputs  to  the  CRT  are  as  follows:  Prompts  for  location  (leading  or 
trailing  edge)  and  time  only  mode  are  displayed.  Once  the  program  is  running 
and  in  the  Synch  code  search  mode  the  current  string  variable  being  examined 
and  the  cumulative  total  bytes  retrieved  from  the  CCT  are  displayed.  This 
serves  no  useful  purpose  other  than  a  visual  indication  that  the  program  is 
running.  At  each  point  that  a  Synch  code  is  located  "FOUND"  will  be  dis¬ 
played  and  START  point  =  XX  and  END  point  *  YY,  indicating  the  location 
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of  the  Synch  code  within  the  current  string.  This  will  be  followed  shortly 
by  printer  output  of  time  and  data.  Thus  a  combination  of  CRT  and  printer 
activity  provide  indication  of  the  operation  currently  being  performed  by 
the  computer. 

In  the  event  that  the  RDA  is  false  at  the  time  of  interogation  the 
message  "RDA  FALSE  INP  (1)  =  XXX"  will  be  displayed  on  the  CRT  and  the 
program  will  stop  running.  The  probability  of  this  occurrence  is  remote 
and  would  most  likely  indicate  an  electronic  malfunction.  Although  it  has 
never  occurred  as  of  this  writing,  RDA  could  conceivably  have  been  momen¬ 
tarily  false  at  the  time  of  interogation  and  shortly  returned  to  the  true  state, 
due  to  a  temporary  delay  in  reloading  of  the  CCT  buffer.  To  check  for  this 
possibility  enter,  from  the  keyboard,  "OUT  2,0:  OUT  2, 1:  PRINT  INP 
(1)".  If  the  response  is  253  RDA  has  returned  to  the  "TRUE"  state  and  the 
program  can  be  resumed  by  entering  "CONT". 

Detailed  Program  Description 

A  listing  of  the  string  and  numeric  variables  used,  in  the  order  of  their 
first  appearance  in  the  program  is  given  in  Table  1.  The  program  listing 
is  given  in  Table  2. 

Program  steps  10  through  100  initialise  the  operation  by  prompting 
for  the  location  (leading  or  trailing  edge)  of  the  EPDS  and  mode  of  operation 
(time  only  or  full  output)  and  selecting  the  appropriate  Synch  code  (SC) 
and  conversion  constants  (HI,  H2,  LI  and  L2)  for  converting  quantitisation 
numbers  to  analog  signal  voltages.  This  is  followed  by  initializing  the 
counters  to  count  the  location  of  the  current  CCT  byte  in  the  buffer  (CC)  and 
the  total  byte  count  (TB),  setting  the  two  strobe  lines  high  (Step  92)  and 
identifying  the  characteristics  of  the  filler  bits  in  the  EPDS  buffer  memory 
(CK$)  and  finally,  setting  up  the  initial  40 -bit  string  variable  S$  from  the 
first  5  bytes  of  the  CCT  buffer. 

Steps  110-114  maintain  a  minimum  string  variable  length  of  40  bits 
during  Synch  code  search  and  display  the  current  string  being  searched  on 
the  CRT.  Step  120  determines  whether  the  current  string  is  composed  of 
noise  or  buffer  filler  bits  and,  if  so,  bypasses  the  search  for  the  Synch 
code.  Steps  125  to  160  implement  the  search  for  the  Synch  code  in  the 
current  string  and  generate  a  new  string  if  the  Sync#  code  is  not  found. 

Steps  170-192  output  to  the  CRT  that  the  Synch  code*has  been  found,  discard 
the  Synch  code  from  the  current  string  and  generate  a  new  string  of  appropri- 
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TABLE  1.  STRING  AND  NUMERIC  VARIABLES 

L$  =  Location  of  EPDS. 

T$  =  Designator  for  Time  only  mode. 

SC$  =  Synch  Code. 

H1,H2  =  Conversion  constants  for  high  level  analog  channels. 
L1,L2  =  Conversion  constants  for  low  level  analog  channels. 

CC  =  CCT  buffer  byte  count. 

TB  =  Total  byte  counts. 

CK$  -  String  characteristics  of  3  CCT  filler  bytes. 

S$  -  Dynamic  string  for  Synch  code  search  and  extraction 

of  time  and  data. 

NB  =  Number  of  bytes  to  be  retrieved  from  CCT  during  next 

branch  to  subroutine  1400. 

Y$  =  Left  24  bits  of  S$,  used  to  test  for  presence  of  noise  or 

filler  bits. 

1%  =  Loop  counter. 

SP%,  EP%  =  Starting  and  ending  location  of  Synch  Code  in  S$. 

T$  =  24  bit  time  code. 

CH$  =  10  bit  data  string. 

V  =  Decimal  data  channel  word. 

J%  =  Loop  counter. 

TI#,  C#,  X#,  Z#,  Y#  s  Double  precision  variables  used  to  convert  24 
bit  time  code  to  real  time. 

D,  H,M,  S  =  Days,  hours,  min,  sec  of  real  time. 

QN  =  Decimal  number  corresponding  to  8-bit  CCT  byte. 

G%  =  Loop  counter. 

X,  X$,A$  s  Used  in  regenerating  S$ 
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TABLE  2.  LDEF  TAPE  READ 

-mm  listihl- 


it  am  mm 

28  PRINT  TflB(28)*UEF  TJFE  REHP*:PRBfr  MtSWH  (SI  M>  LM  mm  WJ‘:P 

m 

36  DfVT'LESPIl*  Ok  TRftOC  EDGE  (LIU  7  )‘;Lt 
46  wri F  VDU  MV  TO  PRINT  TDE  9LV  ENTER  VES'iTW 
55  sfrtmuewiimiM6m‘ 
ie  if  u=*7*  hen  sc^’eeeeeieiBeeeimPtimi* 

65  IF  Lt=‘L‘  m  Hl=4.  S8€-  K?=2  4€-3:Li=lft 13?:I2=4  SS3E-3  ELSE  >6=4.  *•(?=£ « 

35E-3:Ll=t8. 136:12=4. 562E-3 

78CC=1:TB=8 

75  LPRINT'LDEF  TAPE  RE®* 

®  UWNT'MF  L*=’L'  HEN  l»INT1f»I»  EDS’  ELSE  LPRHfT’TRftlUNB  EDGE* 

58  IF  7W='®*  THEN  LPkUfTTIlf  FtfW  OUT 
92  OH  0,1  :M  2,1 
36 

188  I486 

118  N=t£NCS8) :  IF  10=48  THEN  128 
111  JN(48^)/8:»=INT(R):R=4He: IF  ID8  THEN  »W+i 
114  GQSE  1406:PRUfI5$,  IB 

120  W=LEFT*(S*,24):IF  WL(V*)=«  «  Vf=0»  HEN  (8=2:9070  155 
125  FBk  12=1  70  LSKSF) 

138  IF  SCNflOKSI,  IL  24)  TffN  178 
148  (Bfl.1^8 
158  IF  12=6  7TB  (8=2 
155  GQS8 1488 

168  R&BKS4M6  :SW?IfiHTI(S4»  R2>  .PRINTS*,  TEifiCTP  120 
178  5P2=I2  :EPK=!2+23 rPRINT^HJLtl^^  ‘START  Ft>INT=*; SP2, "END  POINT=*;EPZ 
1S8  (tMEH(S4)-£P2:SI=RIGffr$(Sl,(K)  :»=IN77(4HE)^)  :OBJB  1488 
158  «=t£N(SFH:St=RIfiHT$(S»-N£) 

152  IF  L£N(SF)<40  TIBI  *=1:G0S£'  1488 
218  TM£FT$(S4,24):G0S8  880 
238  «MEN(SF)-38:Sf=(U9{7F(SI,  K?>  :*=5:C0S(J& 1488 
258  FIR  12=7  TO  72 

268  IF  l£N(S*K=18  HEN  (fcSGOSIB  I486 
270  CHMiFTSISI, 18):S4=RIGHT4(S$,  L0KSIHI) 

38  IF  1208  7)0  328  ELSE  SB®  1588 
388  V=(4*VHi  :lfRINT*CHFM£L-fc*;  V 
318107 

320  IF  1207  T®  368 
358L®IVT,CHf»EL-7=,;CW:IEX7 

mmm 
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m  if  is 35  m  m 

396  V=(4*L2»¥)-tl:GE!I041iB 
m  ¥=(4#5*VHtt 
419  LPftM'CHFNEL-'i  E  *=';V 
428  J£XT:GOTO  118 
888  3=8 

885  FDR  JH=1  TO  24 
828  Timmati) 

£38  TlWfLnmX&M 
m  K=TI#*(2f  K*> ; CS=C#+?! 

858  T*=LEFTf(T$;24-J2}:(BT 
mfc.6i*24*m 

e?e  n ma/xi) 

m  3=iCt^>*24:H=IKT(Z»} 

£98  \t=(2l-H>*€6:ft=IKT(VI) 

988  Zf=(\H!)»88:S=IWI(Z*) 

938  LflEftT  fc  mS  \Hj  m  *;ft  WL *;£  *SET:LMN7  7»(8)T8ffll  8W&*.TB 
950  IF  ^’VES*  Tffif  1808  E15  RFTUIS 
1008  ®=79:S03JB  1408:GOTO  110 

1408  F5K  JW  ID  « 

1418  Off  2,0:017  Z1:1F  I/fUX>253  7®  FflSEVIMDsMIftD.SW 

1428  0/7  MM  hi 

1425  0J7  2,0:017  2,1: IF  IHP(i>0253  7®  PRW7*RDfl  FRlSE*,  * r»>a>=*i I0Ffi> :STD»> 
1438  7B=TB+1 

1440  IF  7P$=*®’  IW  NETS  7H01 14%  ELSE  SKI!  1888  . 

1456  IF  CC=512  7®  m 

rr*'r;j.‘  tgr-SElffli 

1409  LPRINT  TH0(4)'OJFFER  OfWGP,  TD7HL  eV7ES=*i7F 
1490  CC=d.:(CXT:RETURK 

1508  W 

1518  FAR  JK=1  TO  18 

1529  0EI=RIGH7$(CH»,l):0E=VflL(I») 

1538  BS=JX-1:  VsVtO)E*<2EIK)  > 

1548  CHKEFTtmi8-JZ):liXJ:i£m 
1608  «=^255-«<:ft0='* 

1628  FOR  GW  TO  8 

1638  X=((»2)-W7(ai/2)>*2:)»=S7W(X) 

1648  mmm,ikfcxtM:Mwm):mn 
1660  B=Sf+flM£7UJf 
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ate  length.  Steps  210  and  230  extract  the  time  code  and  generate  the 
appropriate  string  for  the  start  of  retrieval  of  data  words.  Steps  250-420 
extract  the  10-bit  data  quantitization  numbers  and  convert  to  signal  values 
for  channels  7  through  72. 

The  following  subroutines  support  the  program  steps  described 
above.  Subroutine  800  (Steps  800-1000)  converts  the  time  code  to  real 
time  and  outputs  to  the  printer.  When  operating  the  program  in  the  time 
only  made  this  subroutine  controls  the  rapid  retrieval  and  discard  of  the 
data  words. 

Subroutine  1400  (steps  1400-1490)  provides  the  handshake  with  the 
CCT,  maintains  the  buffer  byte  and  total  byte  count  and  latches  bytes  at  the 
S100  bus.  Since  the  TRS-80  internally  converts  the  binary  bytes  to  decimal 
numbers  these  must  be  reconverted  to  the  binary  form  for  the  string  opera¬ 
tions  used  in  the  main  program.  Except  when  data  bytes  are  to  be  discarded 
(time  only  mode)  subroutine  1400  calls  upon  subroutine  1600  (steps  1600-1660) 
for  the  decimal  to  binary  conversion  and  addition  of  the  binary  byte  to  the  right 
end  of  the  working  string,  S$.  It  should  be  noted  that  the  CCT  record  is  the 
complement  of  the  EPDS  record,  hence  the  second  operation  in  step  1600  to 
generate  the  correct  byte  format. 

Subroutine  1500  performs  the  binary  to-decimal  conversion  for  the 
10-bit  data  words,  (quantitization  numbers)  which  are  returned  to  the  main 
program  as  the  variable  V.  The  V  values  are  converted  to  the  original 
analog  signals  (voltages)  for  the  low  level  channels  (9  through  15)  in  step 
390  and  for  the  high  level  channels  (16  through  72)  in  step  400.  Channel  7 
is  a  10-bit  binary  word  and  does  not  require  binary  to  decimal  conversion 
(step  350).  Channel  8  is  a  special  case.  This  channel  is  the  data  from  the 
QCM  monitor.  The  experimenter  provided  his  own  A  to  D  converter  that 
produces  12  bit  words.  Since  the  EPDS  were  hard  wired  for  10-bit  words, 
only  the  10  highest  order  bits  of  the  QCM  data  are  recorded.  The  decimal 
value  of  the  12-bit  word  is  estimated  by  assuming  that  the  two  lowest  order 
bits  were  01.  This  is  performed  by  the  first  operation  in  Step  300.  Inability 
to  record  the  entire  12-bits  results  in  an  uncertainty  of  +1,  -2  Hz  in  the 
QCM  frequency  data.  This  is  the  equivalent  of  less  than  a  monolayer  of 
contaminant. 

LC  Program  Description 

The  additional  features  of  the  LC  program  include:  (a)  provisions  for 
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internal  generation  of  simulated  CCT  bytes  to  permit  program  checkout 
without  the  presence  of  a  CCT,  (b)  Option  of  operating  without  a  line  printer, 
in  which  case  all  outputs  are  displayed  on  the  CRT  and  (c)  provides  a 
listing  and  description  of  key  variables  and  subroutines  on  request.  The 
program  contains  prompting  for  inputs  to  identify  the  options  selected. 

When  operated  in  the  internal  data  generation  mode  the  program 
provides  a  program  check  option  which,  if  selected,  provides  intermediate 
results  that  can  be  used  to  diagnose  the  source  of  any  problem  in  running 
the  program.  The  internally  generated  data  consists  of  the  equivalent  of 
one  data  scan  including  Synch  and  time  codes.  It  has  provisions  for  inserting 
any  number  of  leading  bits,  up  to  190,  ahead  of  the  Synch  code. 

The  LC  program  listing  is  shown  in  Table  3. 
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TABLE  2.  LDEF  CONVERSION 
-PROGS*  LISTING 


18  Off*  886;CLS 

20  PRIST  Tfl0(28)'U5£F  CONVERSION* .PRIST** 

22  ItfUFCO  WO  m  TO  SEE  DESCRIPTION  OF  KEV  MUSE,  5TRIIE5  f»  SUBWUTIPE 
5,  IF  SO  ESTER  ©“;» 

24  IF  8#=*®*  IT©  OS.-SOS®  2900 
38  WW'LeflDINB  OR  TRAILING  EGE  (L  OR  T)';Lf 

40  hrttwr  aror  is  <cc?  or  in>m>» 

45  IF  W*=*r  TIB  WUT"FROGRAN  OEX,  IF  SO  BITER  $S*;K* 

50  BfUTLIlE  PRINTS?  (OS  OR  flFF>’;» 

52  mWIF.IBI  WIT  TO  PRIST  THE  ONLY  EWER  VET;  TPS 
55  sc^"iiiiime!ii±i0eii80i«eee' 

68  IF  L4=T  TIBI  SCPWmMmilM181im’ 

65  IF  DI4=*(rr  TIBI  OOI  0,1:001 2,1:C01:TB=§ 

78  F  W^'flT  TIB  HflJTCUfB  OF  L0DING  BITS  «130)MB 
88  »=5ISII»tt&  *8*)  :T*=STRIHGK24,  *1*)  :C$=STRI«M,  *8*) 

S8  BMtbSC&CfrT&Ct 

188  «=STRH»(&  1*)  :E£’8*  :8=C$€l:Sls** 

110  M£N(SI):F  H>=48  THEM  128 

111  R=(48-S)/B:SB=I#r(RJ:R#JIE 

112  IF  (M  TIB 

113  fiOSOB  1388 

114  PRIST  SI 

115  F  PC^’YES1  MX  PRIST  *S7SINB  '  S8=*;S* 

128  FOR  1=1  TO  L£N(S$) 

138  IF  SCtjtimSt,I,24)  THEN  170 
148  lEFI* 

15B  F  1=8  THBi  SB=2:G05UB  1388 
155R=LBKS*M6 

168  5*=*ICHT$(5*,R):PRIJITS*,  TB  GOTO  128  _ 

170  SF±l:EF*l*2morF0UW,tSIfK!  P0INT=’,’SP, ’B*  P0I«T=*;P 
188  MBt(SSW:SWWt(St.ir>:IB=m4M)/B)  :605i  1398 
ISO  MBI(5l>-6:&=RIfiHT$(SfcN) 

152  F  UENCSIK48  TIB  10=1:0051*  1388 
135  IF  PCS='W  TIB  FR1ST*STRISG  '  138=’;  SI 
288  PRIST1QCTH  OF  STRING  0 15&=MflCS» 

218  THEFTKSI/24) 

212  FfttKf'7$*,iU 

215  F  PC*=*VB*  TIB  PRIST'TIIE  C0U(r=*;TI;  •— 90U>  RE®  »  ONES': SOTO  228  B. 
SE  225 

228  PRISHF  00  BUS  COST’rSTOP 


no 


225  sm  m  ~~ 

230  N=iBf(Sf)-3S:3J=£IiMI(Sj.N):l^:SGSJB  136? 

240  NaKS»):RIifr\BBn(  OF  SIRING  *  24*=*;  ft 
25*  FOR  1=7  TO  72’ 

260  IF  LEN<SFX=10  TON  N&=5:G0St£f  13* 

276  CNHEFTMSk  18)  :S$=RIGHTtfS»,  LOKBMi) 

275  IF  PCf=*e*  m  PRINT  TOME.-';  I;  *5IRIJB=*;  Dff.PRINT'  SMKtD  JW  HHli 

me* 

25?  IF  108  TON  328 
296  GOSl£  1506 
366  V=(4*VM:G0SB  566 
310JECT 

326  IF  107  TON  36? 

338  IF  Pt=*ON*  TON  356 
348  FRI8T,O»l&-7=*;0HR:fer 
356  lPRINT*a«fa-?=*;att:®rr 
366  GOS£  1506 

376  IF  L4=Y  TON  Ki=4. 988:K2=2  4€-3:li=10. 188.12=4.  98E-3:EL£  NM  S£:>e=2 

435E-3:Ii=18.  136:12=4.  S62E-3 

388  IF  I>15  TON  466 

396  V=(4*L2*VH1  .G0TW16 

406  WPt&K-M 

416  GQSJ6  5B6 

436 IB7 

436  IF  PI*=*CCT*  TON  110 

446  PRWmttW  OF  1N1BM  MU) 

566  IF  «=*as*  TON  526 
516  PSWCmEL-'j  1;  *--*;  V.JEUIW 
526  Lfm,CHfH£L-‘,  b  *=V  V.RE7IJW 
886  CH 

885  FDR  J=1  70  24 

828  immtniv 

836  TML(M>:toH 

m  wmsm.-cttw 

850  TM£FWT^24*J):#XT 
860  XN.  81*24*3606 
878  MJNKClfl® 

886  Z*=(CI,^H)>»24:H=INT(2*) 

8S6  V*=(ZI-K)«88:MIU(V») 

966  ZI=(Vm)*66:S=UfT(2») 

910  IF  TON  938 

926  PRUf7*TIIt=*; D; DUS  *;Ki  TOS,  */ ft m *;&  •SEC*: GOTO  948 

938  LPRINT  D;  DflVSr  VftTOS  *ift  *HIft  *;5;  ,SET:lPRIIfI  T»(8>T0W.  fiVT5=“;1B  W 

TO  945  „  _  . 


Ill 


Stf  IF  PC***©'  1®  FCWTIX  SHOULD  BE  ZB  &&  7  tfS  53  *7  FT: 

$43  IF  TFS=*YES*  T®  18® 

958  OR* 

1888  FOR  M  TO  7S 
IBIS  GISJB  1688 
1028  HOT 
1838  GOTO  US 

1388  IF  QIP'CCT’ m  im 
1318  FOR  M  TO  NE' 

1328  IF  L£W»X=40  Wi  B ttfttt 
038  fipwm,  er.mimm.  leh&h) 
mSP6sm:t£Xf:f£m 
1486  FOP  M  TO  * 

1416  sm  1600 
1428  St=5m:Ml:  RETURN 
1506  v=e 

1510  FOR  M  TO  10 

1528  B€Mimm,V:l3F^i(m) 

1538  K=M:£V+(PE*(2[K» 

1548  £HKffI*(CHfel8-J);®fI;OI» 

1688  OUT  IBM  2>t:IF  I»<1)02S  W  PRINT*®#  FfLSFSlMD^MDSKF 
1662  001  1,0:017  t.l 

1684  On  2,8:01!  21. IF  IM1>0253 1®  PRWfiBR  FUSE*. ,W>(1)=*.  llNl):ST0P 
1686  flK=»P(8):8N=25^«:TB=TB+l 
1610  «=** 

1620  FOR  (5=1  TO  8 

1638  X=((»-7)-IHT(fiK-,2))*2:)#=SIR»(X) 

1648 

1658  SN=IOT(W2) 

1668  (EXT 

1678  IF  CC=512  WtiTK 
1688  CC=CC+1: RETURN 

1705  LPRINT  TflB(4>  DUFFER  CHANGE*; '  TOTAL  BYIE5=*;TB 
17W  CC=1:HETIJW 

2808  PRINT  T®(28)*STRING5  fl»  VARIABLES* :PRINT*' 

2810  mniPtmioH  on  up,  leaping  or  toiling  edge* 

2820  PRINT *PI$=0ftTfi  INPUT  NODE,  CCT  OR  INTEJML* 

2838  mm'FPUFE  mm  on  a?  off* 

2848  PRINT  *lB=HJf£R  OF  LEADING  BITS  AfEAO  OF  SVNC  COPE* 

2845  FHNTTfcttlfS  OF  CCT  BYTES  TO  BE  INPUT* 

2850  mxrs&m  coop 

2860  PRIMT*&=INTEBRLV  GEJERRTET  STRI*  SIMMS  BYTES  FHK  CCT* 


1L2 


m  fRirw=i»iWKA  ms  m  statin' 

2086  PRINT*SlsflCTM  SIRING  RR  9ffC  COOL  THE  M>  DOTS' 

2638  PKINT1WBGTH  OF  ACTIVE  STRING'  rPRINHB  SEE  HC  SE5T  ENIER  C&T.S W 
2100  CS:PWlfrT|=€UfRV  TIME  CONT* 

2118  FRUfriHM8INflRV  CODE  NUKR  ROl  DATA  CHANEL' 

2128  PRDU'WECINflL  CODE  MMAL06  SIGNAL' 

2138  PMrrnnir  muv'siemitE’ 

2146  ARINT’SBHRT  Ot  LINE  PRIMER  CBIfiNK* 

2158  mw'SMarms  the  cm  to  w&HRsmsE* 
m  mkrw-nms  smnaccr  at  imm  siiwnot' 

2170  PRINT1500-COWCRT5 16-BTT  TIJWV  70  KTHR' 

2188  ffilNT*l£8W»«RI5  CCT  BV7F0RK  T0  8IWV 

2188  fRINT”:PRWnD  ©HE  JTOW-H®  CWPrSraPrXtSillUa! 
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LABORATORY  OPERATIONS 


The  Laboratory  Operations  of  Th«  Aerospace  Corporation  ia  conductinf 
aaparimantal  and  thaoratical  invaati|ationa  neceeeary  (or  tha  evaluation  and 
application  of  aciantific  advancaa  to  now  military  concapta  and  ayatama.  Var- 
aatility  and  flanibillty  hava  baan  davalopad  to  a  high  dagraa  by  tha  laboratory 
poraonnal  in  daaiing  with  tha  many  problama  aneountarad  in  tha  nation'a  rapidly 
developing  apaca  and  miaaila  ayatama.  Expertise  in  tha  lataat  aciantific  devel- 
opmanta  ia  vital  to  tha  accompliahmant  of  tasks  related  to  thaaa  problama.  Tha 
laboratoriaa  that  contribute  to  thia  raaearch  are: 

Aarophyaica  Laboratory:  Launch  and  reentry  aerodyn arnica,  heat  trans¬ 
fer,  reentry  physica.  chemical  kinetics,  atructural  mechanics,  flight  dynamics, 
atmospheric  pollution,  and  high-powar  gas  lasers. 

Chemistry  and  Physica  Laboratory;  Atmospheric  reactions  and  atmoa - 
pharic  optica,  chemical  reactions  in  polluted  atmoapharea.  chemical  roactlona 
of  excited  apaciaa  in  rocket  plumes,  chemical  thermodynamics,  plaama  and 
laser-induced  reactions,  laser  chemistry,  propulsion  chemistry,  apaca  vacuum 
and  radiation  affects  on  materials,  lubrication  and  surface  phenomena,  photo¬ 
sensitive  materials  and  sensors,  high  precision  laser  ranging,  and  the  appli¬ 
cation  of  physics  and  chemistry  to  problems  of  law  enforcement  and  biomedicine. 

Electronics  Research  Laboratory.  Electromagnetic  theory,  devices,  and 
propagation  phenomena.  Including  plasma  electromagnetics:  quantum  electronics, 
lasers,  and  electro-optics:  communication  sciences,  applied  electronics,  semi¬ 
conducting,  superconducting,  and  crystal  device  physics,  optical  and  acoustical 
imaging:  atmospheric  pollution;  millimeter  wave  and  far-infrared  technology. 

Materials  Sciences  Laboratory:  Development  of  new  materiala;  metal 
matrix  composites  and  new  forms  of  carbon:  test  and  avaluation  of  graphite 
and  ceramics  in  reentry;  spacecraft  materials  and  electronic  components  in 
nuclear  weapons  environment;  application  of  fracture  mechanic e  to  stress  cor¬ 
rosion  and  fatigue -induced  fractures  in  structural  metals. 

Snace  Sciences  Laboratory;  Atmospheric  and  lonoepheric  physics,  radia¬ 
tion  from  the  atmosphere,  density  and  composition  of  the  annosphere.  aurorae 
and  airglow;  magnetospheric  physics,  cosmic  rays,  generation  and  propagation 
of  plaama  waves  in  ths  magnetosphere;  solar  physics,  studies  of  solar  magnetic 
fields;  space  astronomy,  x-ray  astronomy;  the  effects  of  nuclear  exploeione, 
magnetic  storms,  and  solar  activity  on  the  earth's  atmosphere,  ionoephere,  and 
magnetosphere;  the  effects  of  optical,  electromagnetic,  and  particulate  radia¬ 
tions  in  space  on  space  systems. 


THE  AEROSPACE  CORPORATION 
El  Segundo,  California 


